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INTRODUCTION 

Accurate delimitation of a species’ geographic range is 
important for conservation planning and biogeography. 
Geographic range limits provide insights into the 
ecological and historical factors that influence species 
distributions (Gaston 1991; Brown et al. 1996), whereas 
the extent of occurrence of a taxon is a key component 
of IUCN criteria used for assessing the conservation 
status of species (IUCN 2001). 

Freshwater mussels (Unionoida) are an ancient group 
of palaeoheterodont bivalves that inhabit lotic and lentic 
freshwater environments on every continent except 
Antarctica (Graf and Cummings 2006). The Australian 
Unionoida is represented by the Hyriidae with six 
genera and 18 species (Ponder and Walker 2003). The 
Unionoida are distinguished from other bivalves by their 
larval stage that, with a few exceptions, are obligate 
parasites of fish and sometimes amphibians (Watters 
and O’Dee 1998; Wachtler et al. 2001). All freshwater 
mussels brood their larvae in specialised regions of the 
female’s gills known as ‘marsupia’ (Bauer and Wachtler 
2001), and in the Hyriidae, these are restricted to the 
inner pair of demibranchs. 

An opportunistic stop along the Great Northern 
Highway in the Pilbara (Indian Ocean Drainage 
Division) of Western Australia revealed the existence 
of a Lortiella population in the De Grey River, the first 
record of the genus for the region. Here we identify 
the species, using shell morphology, present new 
observations of internal anatomy, and document the 
contemporary range of the species. 


METHODS 

SAMPLING METHODS 

We compiled 75 distributional records (66 museum 
records and nine field records) of Lortiella species. 
Museum records were sourced from Ponder and Bayer 
(2004) and the Online Zoological Collections of Aus¬ 
tralian Museums (OZCAM 2012). Field records were 
from sites surveyed for 10-20 minutes by visual and 
tactile searches in north-western Australia during 
2009-2011. Mussels were preserved in 100% ethanol 
for future molecular study. Water quality data were 
obtained from the Western Australian Department 
of Water. Material held by the Australian Museum, 
Sydney (AM C.427352, AM C.414981) from the Fitzroy 
River in the Kimberley region of Western Australia 
(Timor Sea Drainage Division) was examined to 
confirm details of reproductive anatomy. 

SHELL MEASUREMENTS 

Specimens were identified from descriptions in 
McMichael and Hiscock (1958), Ponder and Bayer 
(2004) and Walker (2004). Shells were measured to 
the nearest 0.01 mm with dial callipers using the same 
method as Ponder and Bayer (2004). We measured total 
shell length (TL), maximum shell height (MH), beak 
length (BL), beak height (BH) and width (W) (Figure 1). 
Shape indices were calculated as maximum height index 
(MHI) = MH/ML, beak height index (BHI) = BH/MH, 
Obesity = W/TL, beak length index (BLI) = BL/TL (all 
expressed as percentages). 



Museum 

Accession No. n River name Site Latitude Longitude Collection Date Collector 

WAM S84030 3 DeGreyR. Coolenar Pool, near gauging station 20.309° S 119.251° E 21 May 2011 J. Keleher 

(AWRC 710003) 
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FIGURE 1 Morphometric measurements of freshwater 
mussel shells, (a) Adults: BH = beak height; 
MH = maximum height; BL = beak length; 
W = width; TL = total length. Adapted from 
McMichael and Hiscock (1958). 


Comparisons of shell shape were made by comparing 
mean differences in the four shape indices between 
the De Grey River (Indian Ocean Drainage Division) 
and the Fitzroy River (Timor Sea Drainage Division) 
populations with Hotelling’s T 2 statistic (Rencher 1995). 
T-tests were used to compare shape indices from our 
study with those reported by Ponder and Bayer (2004). 
All analyses were carried out in R (R Core Team 2012). 

ABBREVIATIONS 

AM - Australian Museum, Sydney, NSW, Australia 
AWRC - Australian Water Resources Council 
WA - Western Australia 

WAM - Western Australian Museum, Welshpool, W.A., 
Australia 
Hwy - Highway 
R - River 

RESULTS 

A new population of L. froggatti was found in 
Coolenar Pool (De Grey River) near a gauging station 
(AWRC 710003). Details of specimen records are 
presented in Table 1. 

SHELL MORPHOLOGY AND MORPHOMETRY 

A summary of the shell measurements and shape 
indices for specimens collected from the De Grey and 
Fitzroy Rivers is presented in Table 2 and examples of 
specimens are shown in Figure 2. The shell outlines 
of the collected specimens were elongated and ‘adze- 
shaped’ with a short, rounded anterior, straight ventral 
margin and obliquely truncated posterior margin. Most 
shells had obvious winging. The periostracum colour 
ranged from light olive in small shells to dark brown 
or almost black in large specimens. Shell surfaces and 
beaks lacked sculpture and the larger shells had beaks 
which were considerably eroded. Internally, lateral teeth 


were sharp, lamellar and blade-like in small specimens 
and flattened or blunt in larger shells. Pseudocardinal 
teeth were lamellar and semi-serrated in small shells and 
either peg-like, or flattened, and smooth in larger shells. 
Shells had a single, sub-triangular tooth on the left valve 
and one shallower, sometimes grooved, pseudocardinal 
tooth on the right valve. Anterior muscle scars were 
lightly impressed, more deeply in large shells with 
fusion of the adductor-retractor muscle scars. In most 
cases, the posterior muscle scars were very faint and the 
pallial line was distinct only in larger shells, and even 
then was very lightly impressed. The nacre was mostly 
dull white with iridescent blue at the posterior margin 
with occasional staining near the umbones. 

The shell shapes of populations from the De Grey and 
Fitzroy Rivers did not differ significantly (Hotelling’s T 2 
= 8.768, P = 0.116). However, the MHI in the De Grey 
River specimens were significantly different from the 
Fitzroy populations (t = 2.49,d.f. =36; P<0.05), although 
BHI, BLI and obesity were not. In comparison with 
Ponder and Bayer (2004) our specimens from the Fitzroy 
River catchment were significantly different for BHI (t 
= -9.05, d.f. =209; P < 0.001), and BLI (t = -15.16, d.f. = 
209; P < 0.001), but not for MHI (t = 1.88, d.f. = 208, P = 
0.061) or Obesity (t = 1.58, d.f. = 209, P = 0.116). 

ANATOMY 

Gross anatomy matched published descriptions for 
the genus (Ponder and Bayer 2004). The demibranchs 
were attached dorsally to the mantle, and the inner 
demibranchs were attached anteriorly near the labial 
palps and posteriorly there was a minute perforation 
separating the supra and infrabranchial chambers. The 
palps were large and semi-cordiform in shape, rounded 
posteriorly and not fused to the mantle. The siphons 
were pigmented with mottled patches, black and tan 
in colour, and had 2-4 rows of bulbous/pyramidal 
pale-coloured papillae on the inhalant siphon. The 
inhalant siphon was ca. 114 times the size of the exhalent 
siphon. There was no supra-anal opening in any of the 
specimens. 

A single specimen collected from the De Grey 
River was female and contained embryonic, immature 
glochidia within the marsupia. The marsupia occupied 
most of the inner demibranchs in all gravid females 
examined from the De Grey and Fitzroy Rivers. The 
marsupia occupied 90% of the inner demibranchs 
which were approximately twice the size of the outer 
demibranchs. 

HABITAT 

The climate of the Pilbara region is arid with hot, 
dry conditions for most of the year. Rainfall is variable 
and episodic with summer and autumn thunderstorms 
(Kennard et al. 2010). The De Grey River is the largest 
in the Pilbara region with a catchment area of 56,890 
km 2 , a mean annual rainfall of 400 mm.yr 1 (records 
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TABLE 3 Physico-chemical characteristics of the 
De Grey River at Coolenar Pool Gauging 
Station (AWRC 710003). Data from1983- 
2005, supplied by the Western Australian 
Department of Water. 



Mean 

Range 

Electrical conductivity 

642 

124-1388 

(pS cm -1 ) 



pH 

7.8 

6.5-10.2 

Water temperature (°C) 

25.9 

12.5-38.8 

Total phosphorus (pg L 1 ) 

61 

2-271 

Total nitrogen (pg L 1 ) 

640 

110^1550 

Turbidity (NTU) 

57.3 

0.7-1025.0 


from 1974 to 2010; see flow regime classifications in 
Kennard et al. 2010) and the river has a mean annual 
discharge of 1,342 GLyr ! (DOW 2008) that is strongly 
seasonal with predictably intermittent summer flows 
(see Figure 6, p. 182 in Kennard et al. 2010). 

In-stream habitat consists primarily of coarse sand 
and rock with fine-grained or clay stream banks. 
Mussels were found along stream banks at the edge of 
the river in shallow burrows ca. 50 mm deep with the 
tips of the posterior ends of shells exposed. 

Summary data of mean water quality is provided in 
Table 3. The De Grey River is typically fresh to mildly 
brackish with a mean electrical conductivity value of 
642 pS cm' 1 , near neutral to alkaline with a mean pH of 
7.8, variable in temperature and turbidity and typically 
high in nutrients (see ANZECC 2000 for trigger values 
of total P and total N). 



FIGURE 2 Lortiella froggatti from (a) Fitzroy River, Geikie Gorge and (b) De Grey River, Coolenar Pool. From top to 
bottom in each column: 1) dorsal view of right valve; 2) Lateral external view of right valve; 3) Lateral 
internal view of right valve; 4) ventral view of right valve. A = anterior; P = posterior; T = triangular lamellar 
pseudocardinal tooth. 
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FIGURE 3 Distribution of Lortiella species in northern Australia. Unless otherwise indicated, all data were obtained 
from museum records. 


DISCUSSION 

The discovery of L. froggatti in the De Grey River 
within the Indian Ocean Drainage Division represents 
an approximate 540 km range extension across the Great 
Sandy Desert, with little to no drainage, from the nearest 
population in the Fitzroy River catchment (Figure 3). 

Prior to this study, representatives of Lortiella 
spp. were known only from the Timor Sea Drainage 
Division. The specimens match the descriptions of L. 
froggatti given by McMichael and Hiscock (1958) and 
Ponder and Bayer (2004). The adze-shaped oblong shell 
with posterior oblique truncation with a wing posterior 
to the beak and a rounded posterior end is characteristic 
of L. froggatti. Measurements of shell shape indices 
are within the reported ranges of MHI (35-55%), 
BHI (77-103%), Obesity (11-19%) and BLI (30-48%) 
(McMichael and Hiscock 1958; Ponder and Bayer 2004). 
Shell shape indices for the De Grey population and those 
reported by Ponder and Bayer (2004) were in agreement 
although some discrepancies may have arisen due to the 
small number of specimens collected from the De Grey 
River. Furthermore, because the De Grey and Fitzroy 
specimen morphometries were mostly similar and L. 
froggatti is the only known Lortiella species from the 
Fitzroy River catchment (Ponder and Bayer 2004), the 
De Grey population is here considered to be L. froggatti. 


Although the De Grey and Fitzroy Rivers are 
separated by a large expanse of desert, reconstruction 
of Pleistocene drainage patterns in this region when 
sea levels were much lower than today, indicate 
that there was previously far greater connectivity 
between these rivers (Unmack 2001). This could make 
possible dispersal via host-fish between neighbouring 
rivers, perhaps joined by flood plumes resulting from 
monsoonal rains (N.B. There are freshwater fish species 
in common between both catchments; see Morgan and 
Gill 2004; Morgan et al. 2004). 

The extent of development of the marsupium in L. 
froggatti is greater than in most other velesunionine 
species (McMichael and Hiscock 1958). However, 
the proportion of the inner demibranch occupied by 
the marsupium, while unusual, is not unique among 
the Velesunioninae. Humphrey (1984) noted that the 
marsupium occasionally occupied the entire inner 
demibranch in Velesunio angasi collected from 
eutrophic waters but only 2/3 of the inner demibranchs 
in other populations. 

The diagnosis of the De Grey River population of 
Lortiella as L. froggatti will be clarified by molecular 
analysis, as has been demonstrated for other species 
of Australian Hyriidae (e.g. Baker et al. 2003). 
Collection of a larger sample size and a full range of 
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shell sizes and shapes coupled with molecular analysis 
of representative Lortiella spp. from throughout their 
range will strengthen (or possibly refute) our species 
determination. This is a significant range extension for 
the genus Lortiella. 
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INTRODUCTION 

The southwest of Western Australia is recognised as 
a global biodiversity hotspot (Myers et al. 2000), and 
although it is relatively depauperate in freshwater fish 
biodiversity, these species have high rates of endemicity 
(Morgan, Gill and Potter 1998). The South West 
drainage division includes the Swan Coastal Plain, a 
long (approximately 600 km) and narrow (30 km at its 
widest point) plain extending from Geraldton to Cape 
Leeuwin that is bordered by the Indian Ocean and 
the Darling Escarpment (Cummings and Hardy 2000; 
Thackway and Cresswell 1995). 

Establishment of non-native species outside their 
natural range is a major threat to endemic species 
(Canonico et al. 2005; Courtenay and Stauffer 1990; 
Dudgeon et al. 2006) and has been identified as a 
major cause of extinctions (Reid et al. 2005). The 
incidence of introductions of non-native fish to 
freshwater environments of Australia has increased 
(Arthington et al. 1999; Lintermans 2004). Freshwater 
systems are often subject to both acute and chronic 
anthropogenic interactions and as a result suffer a high 
risk of introductions (Costanza et al. 1998; Gherardi 
2007; Rahel 2007). The Swan Coastal Plain has the 
highest population density in the state of Western 
Australia (ABS 2011); therefore, freshwater systems in 
this area are particularly vulnerable to non-native fish 
introduction. 

The convict cichlid, Amatitlania nigrofasciata 
Gunther, 1867 has a history of taxonomic confusion 
(Schmitter-Soto 2007a; Schmitter-Soto 2007b; Smith 
et al. 2008), most recently being moved from the genus 
Archocentrus to Amatitlania in 2007 (Schmitter-Soto 
2007a; Schmitter-Soto 2007b). It is naturally found in 
Central American rivers and lakes on the Pacific slope 
from Rio Sucio, El Salvador to Rio Suchiate, Guatemala; 
and the Atlantic slope from Rio Patuca, Honduras to 
Rio Jutiapa, Guatemala (Schmitter-Soto 2007a). It has 


established wild populations in the USA (Hawaii), 
Mexico, Israel, Japan and Australia (Ishikawa and 
Tachihara 2010; Welcomme 1988). 

The species is a member of the Cichlidae, a family of 
fish known for prolonged biparental care of offspring 
(Bernstein 1980; Keenleyside 1991). Due to confusion 
over taxonomy, the various studies of convict cichlids 
may not all represent the same species. However, all 
species are closely related, and therefore the results of 
behavioural studies are broadly applicable across the 
group. The convict cichlid group has been extensively 
studied in the laboratory (Wisenden 1995) but despite 
significant research, few studies have investigated the 
life history of Amatitlania nigrofasciata in natural 
environments. Adults were shown to reach 100 mm 
standard length (SL) (Kullander 2003) and mature 
females were found at 32 mm SL in introduced 
populations in Japan (Ishikawa and Tachihara 2010). 
This size is similar to that reported for the closely 
related Amatitlania siquia 1 , whose males mature at 
sizes as small as 51 mm SL, and is a species which 
has received more intensive study (Wisenden 1995). 
Parental pairs are monogamous, and in the introduced 
population in Japan, bred throughout the year despite 
water temperatures of less than 20°C (Ishikawa and 
Tachihara 2010). Amatitlania siquia excavates small 
caves under hard substrate and lays its eggs on the 
roof of these caves (Wisenden 1995). Both sexes care 
for the young (Noonan 1983) with adult fish caring for 
the brood by shepherding juveniles when outside the 
cave (Wisenden et al. 1995) and returning them to the 
cave at night for shelter, where adults stand guard and 
defend against potential predators (Gagliardi-Seeley 
and Itzkowitz 2009; Wisenden 1995). The non-native 
population in Japan exhibits rapid growth in the first 


1 Wisenden 1995 reports on Amatitlania nigrofasciata, however based 
on the distribution described by Schmitter-Soto 2007, this species is A. 
siquia (refer to Ishikawa and Tachihara 2010) 
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year, early maturation, a long spawning period, multiple 
spawnings and a short life span (Ishikawa and Tachihara 
2010). Although tropical, the population in Japan has 
survived water temperatures as low as 17.1°C (Ishikawa 
and Tachihara 2010). 

Within Australia, two populations have been reported. 
One population has existed in the artificially warmed 
waters of the Hazelwood Power Station cooling ponds 
in Victoria since 1978 (Allen 1989). The second 
population was purported to occur in Queensland by 
Koehn and MacKenzie (2004), however examination 
of the literature referenced to substantiate the presence 
of this population; Arthington and McKenzie (1997); 
Arthington and Bluhdorn (1995); and DPIQ (2001), 
reveals no reference to this species. 

This report documents the first finding of Amatitlania 
nigrofasciata in a waterbody within Western Australia. 

MATERIALS AND METHODS 

A survey of waterbodies in the region bounded by 
the Perth suburbs of Parkwood, Huntingdale, Southern 
River and Canning Vale (Figure 1) was undertaken as 
part of the Western Australian Department of Fisheries 
survey program for introduced fish species. Sampling 
occurred during two intensive field surveys conducted 


in December 2011 and February 2012, although each 
lake was only sampled on one occasion. A total of 41 
lakes was surveyed using paired single - winged fykes 
(5m wing, 6mm stretched mesh). The pair of nets was set 
perpendicular to the shore, with the wing of the second 
fyke attached to the codend of the first. Between one and 
four of these nets were set in each lake, depending on 
the size of the waterbody. 

Specimens of A. nigrofasciata were euthanased in 
an ice slurry. Hybridisation amongst cichlids in the 
aquarium trade is common, therefore to identify the 
species, genetic techniques were used. A small piece 
(approx. 5mm 3 ) of muscle tissue was excised from each 
fish specimen. DNA was extracted from each sample 
using the FavorPrep™ Tissue Genomic DNA Extraction 
Mini Kit according to the manufacturer's instructions 
(Favorgen). DNA was eluted in a final volume of lOOpl 
of elution buffer. PCR was conducted using lpl template 
DNA in a final reaction volume of 25pi which contained 
2.5pi lOx DNA polymerase PCR buffer (Fisher Biotech), 
1U Taq DNA Polymerase (Fisher Biotech), 2.5pi 25mM 
MgCl 2 , 1.25pl dNTPs (lmM each) and lpl each primer 
(2.5pM stock). Primers used for amplification were 
those previously reported for use in barcoding of fish 
as follows: FOR 5' TCA ACC AAC CAC AAA GAC 
ATT GGC AC 3' and REV 5' TAG ACT TCT GGG 



FIGURE 1 Location of sampling area. The location of the lake containing Amatitlania nigrofasciata is marked with a star. 
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FIGURE 2 Convict cichlids, Amatitlania nigrofasciata captured from a waterbody in the greater Perth region. 


TGG CCA AAG AAT CA 3’ (Ward et al, 2005). PCR 
was conducted on an Applied Biosystems Thermal 
Cycler 2720 programmed to conduct the following 
cycling regime: 94° lmin (xl); 94°C 40s, 45°C 40s, 
72°C lmin (x5); 94°C 40s, 51°C 40s, 72°C lmin (x35). 
Products were visualised under UV light following 
electrophoresis and staining with ethidium bromide. 

PCR products were commercially sequenced (AGRF 
Perth) in forward and reverse orientations using the 
same primers used for original PCR. Forward and 
reverse sequences were aligned using the program 
Sequencher 4.8 (Gene Codes) to generate a consensus 
COl sequence for each specimen. The final consensus 
sequences representing 655bp of the COl gene were 
used to interrogate the Barcode of Life database (http:// 
www.boldsystems.org/). 

RESULTS AND DISCUSSION 

IDENTIFICATION 

Consensus sequences obtained from each specimen 
were identical. Interrogation of the Barcode of 
Life Database identified the species as Amatitlania 


nigrofasciata with 100% probability of placement to the 
species level. Hits were generated with 10 specimens at 
>99.08 specimen similarity and provide an unequivocal 
DNA based identification. Following identification, 
specimens were preserved in 100% ethanol and lodged 
with the Western Australian Museum (WAM P.33814- 
001). 

INTRODUCED SPECIES BIODIVERSITY 

Two individuals of convict cichlid, Amatitlania 
nigrofasciata (Figure 2), were captured in December, 

2011, in a single lake within Forest Crescent Reserve 
(Latitude -32.071, Longitude 115.952). Lengths of the 
specimens were 45mm and 43mm SL. Determination of 
sex of specimens was not possible due to the small size 
and deterioration after preservation. 

At the time of sampling, no native fish species were 
present in the waterbody, but 700 tadpoles were captured 
and returned to the lake. The only other fish species 
captured were 100 non-native mosquito fish, Gambusia 
holbrooki. Follow up sampling was undertaken in June 

2012, however, the catch consisted of 180 G. holbrooki, 
7 yabbies, Cherax destructor albidus, and no individuals 
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TABLE 1 Introduced species present in the South West drainage division, and Swan Coastal Plain of Western Australia 
(DoF 2012). 


Family 

Species 

Common Name 

South West drainage division 

Swan Coastal Plain 

Cichlidae 

Geophagus braziliensis 

Pearl Cichlid 

y 

y 

Cyprinidae 

Carassius auratus 

Goldfish 

V 

V 


Cyprinus carpio 

Common Carp 

y 

y 


Puntius conchonius 

Rosy Barb 

V 

V 

Percichthyidae 

Macquaria ambigua 

Golden Perch 

y 

y 

Percidae 

Perea fluviatilis 

Redfin Perch 

V 

V 

Plotosidae 

Tandanus tandanus 

Eel tailed catfish 

y 

y 

Poeciliidae 

Gambusia holbrooki 

Mosquitofish 

y 

y 


Phalloceros caudimaculatus 

One-spot livebearer 

V 

V 


Xiphophorus helleri 

Swordtail 

y 


Salmonidae 

Onocorhynchus mykiss* 

Rainbow trout 

V 

V 


Salmo trutta* 

Brown trout 

y 


Terapontidae 

Bidyanus bidyanus 

Silver Perch 

V 

V 


Leiopotherapon unicolor 

Spangled Perch 

y 

y 


* Species stocked by the Western Australian Department of Fisheries for recreational fishing. 


of A. nigrofasciata. Future sampling will continue to 
assess and monitor the status of A. nigrofasciata in this 
waterbody. 

The capture described herein, represents the first and 
only record of this species being captured from the wild 
in Western Australia and only the second record of this 
species in the wild in Australia. This record brings the 
total number of introduced fish species recorded in the 
Swan Coastal Plain to 13 and in the South West drainage 
division to 15 (DoF 2012), outnumbering the 11 native fish 
species known to inhabit the same regions (Somner et al. 
2008; Hourston et al. unpublished data) (Table 1). 

Follow up sampling did not capture additional 
specimens, therefore it is possible that this species 
has not established a self-maintaining population 
despite an apparent serious risk. Further sampling 
will be undertaken in summer 2012-13 to confirm the 
eradication. The absence of individuals in follow up 
sampling is possibly a result of this species being unable 
to survive winter water temperatures in this region. Water 


temperature was not recorded during either sampling 
event, although in Perth they can fall well below 15°C. 

POTENTIAL IMPACTS 

Identification of the specific diet of A. nigrofasciata is 
difficult due to confusion resulting from recent taxonomic 
changes and the associated distribution of each species. 
However, it is reasonable to assume that diet of cichlids 
in the genus Amatitlania are reasonably similar. Based 
on this assumption, the diet of A. nigrofasciata in the 
South West drainage division is likely to consist of a large 
amount of plant material and organic matter, as well as 
amphipods, insects and fishes (Burcham 1988; Bussing- 
Burhaus 1993; Hill and Cichra 2005). Amatitlania 
nigrofasciata have been found to dominate abundance 
and biomass in foreign waterbodies (Trujillo-Jimenez et 
al. 2010). They have greater mass than most of the native 
freshwater fish of the same length in the South West 
drainage division and are also an aggressive species with 
brood care (Keenleyside 1991). Should A. nigrofasciata 
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establish a self-maintaining population, it is likely to 
have a severe negative ecological impact through the 
modification of biodiversity. 

Eradication of species after establishment is difficult 
and costly. Early detection is often considered the most 
important step toward preventing the establishment of 
introduced species. To prevent further introductions, 
hobbyists and the community need to be aware of the 
potential impacts of the release of ornamental fish into 
waterbodies and to avoid this practice. The detection of 
the convict cichlid demonstrates the importance of an 
intensive sampling program targeting pest fish in high 
risk waterbodies in an effort to conserve endemic and 
threatened fish fauna. 
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ABSTRACT - A new species of mealybug, Pseudococcus markharveyi Gullan sp. nov., is described 
and illustrated based on adult females collected from the critically endangered Banksia montana in the 
Stirling Range, Western Australia. A population of a possibly conspecific mealybug collected in 1985 
from B. heliantha in Fitzgerald River National Park, Western Australia, has not been recollected despite 
intensive searches and may also be threatened. The new species is compared with similar mealybugs 
found in Australia and the Pacific region. Given the immediate threat to the host plant through multiple 
synergistic forces, namely plant disease, fire and climate change, the new mealybug species should be 
considered critically endangered. 


KEYWORDS: Affiliate species, coendangered, coextinction, cothreatened, insect herbivores, plant- 
insect interactions, Phytophthora cinnamomi, short-range endemic species 


INTRODUCTION 

The Australian mealybug fauna (Hemiptera: 
Pseudococcidae) includes just over 200 named species 
in 66 genera (Ben-Dov 2012) and was documented 
comprehensively by Williams (1985) based almost 
entirely on collections available in museums. Subsequent 
collecting in natural areas has revealed many new 
mealybug species on native Australian plants (PJG, 
unpublished data). 

As part of a project to determine the coextinction 
potential of plant-dwelling insects, mealybugs were 
collected on the foliage of Banksia montana (Proteaceae) 
in the Stirling Range National Park in southwest Western 
Australia. This Banksia species is one of the rarest in the 
genus with just 45 adult and 16 juvenile plants remaining 
in the wild by 2005 (Gilfillan et al. 2005). It is listed 
federally as Endangered and by the Western Australian 
State Government as Critically Endangered. Populations 
of B. montana are restricted to altitudes above 900 m in 
the eastern massif of the Stirling Range (Figure 1), and 
these populations have been decimated by the non-native 
plant pathogen Phytophthora cinnamomi (Barrett et 
al. 2008) and wildfires (Gilfillan et al. 2005). Banksia 
montana occurs within the federally-listed threatened 
ecological community called Eastern Stirling Range 
Montane Heath and Thicket Community (Figure 2). 

Very similar mealybugs were collected in 1985 on 
B. heliantha at Fitzgerald River National Park. Both 


Banksia species formerly were included in Dryandra 
(Mast and Thiele 2007). The mealybugs have not 
been described previously and are most similar 
morphologically to several other Australian species 
presently placed in the large genus Pseudococcus 
Westwood, 1840. This paper describes and illustrates 
the new mealybug species from B. montana based on 
the adult females and discusses its biology, conservation 
status and relationships. 

MATERIALS AND METHODS 

Mealybugs were collected by hand from the foliage 
of the Banksia plants and preserved in 70% and 100% 
ethanol for transport to the laboratory. Preserved 
specimens were slide-mounted in Canada balsam using 
the method described in Gullan (1984), which is similar 
to the method of Williams and Granara de Willink 
(1992) except that xylene was used instead of clove oil. 
Adult females were mounted one specimen per slide. 
Most slide-mounts have been deposited in the Western 
Australian Museum (WAM), Perth, with a few paratype 
specimens in the Australian National Insect Collection 
(ANIC), CSIRO Ecosystem Sciences, Canberra. 

The morphological terms used in the description are 
explained by Williams (1985) and Williams and Watson 
(1988). All measurements are maximum dimensions (e.g. 
body width and femur width were recorded at the widest 
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FIGURE 1 Habitat of Banksia montana showing the eastern massif of the Stirling Range (photograph by M.L. Moir). 



FIGURE 2 The Eastern Stirling Range Montane Heath and Thicket threatened ecological community at the summit of the 
eastern massif, featuring B. montana in the centre (photograph by M.L. Moir). 




A NEW MEALYBUG FROM THREATENED BANKSIA MONTANA 

points) and are expressed as the range. Tarsal length 
excludes the claw. Spiracle length includes the muscle 
plate (apodeme). Setal lengths include the setal base. The 
illustration of the adult female represents a generalized 
individual based on several of the specimens used for the 
description. The central drawing shows the venter on the 
right and the dorsum on the left. Enlargements around 
the central drawing are not drawn to the same scale. 

DNA was extracted from two adult females from the 
Stirling Range (see Material examined) and PCR and 
sequencing of the small subunit ribosomal RNA gene 
(18S) was conducted using the protocol described in 
Cook and Gullan (2004). Voucher specimens from the 
DNA work are housed in the ANIC. 

After discovery of the mealybugs in the Stirling Range 
in 2007, and to determine its host specificity, a further 
21 species of Banksia, six species of Hakea, five species 
of Grevillea and two species of Petrophile were sampled 
in the surrounding region. This additional sampling 
specifically included the only two sister taxa of B. 
montana (B. pseudoplumosa, B. plumosa, all are in the 
Series Plumosae: Cavanagh and Pieroni 2006), without 
discovering additional populations of the mealybug 
(Moir et al. 2012a). Furthermore, one of us (MCL) 
recently sampled >150 individuals of B. heliantha, in 
approximately the same locality at the same time of 
year as the collection in 1985, and did not locate any 
mealybug specimens. 

SYSTEMATICS 

Family Pseudococcidae Cockerell, 1905 
Genus Pseudococcus Westwood, 1840 

TYPE SPECIES 

Dactylopius longispinus Targioni Tozzetti, 1867. 

RELATIONSHIPS 

According to the current taxonomy of Australian 
mealybugs (Williams 1985), the new species 
from Banksia would be placed in the large genus 
Pseudococcus. It has the following diagnostic features 
of Pseudococcus : 17 pairs of cerarii with each cerarius 
bearing two or three conical setae, trilocular pores and 
some with one or more auxiliary setae; enlarged dorsal 
and ventral ducts (probably oral-rim tubular ducts, 
see below); oral collar tubular ducts on the venter; and 
discoidal pores including adjacent to the rim of the 
enlarged ducts. However, the new species is unusual 
in lacking a circulus and multilocular pores, having 
typical oral-collar tubular ducts restricted to just a few 
near the vulva, having translucent pores restricted to 
the femur and tibia (none on the coxa) and possessing 
unusual enlarged tubular ducts dorsally and on the 
ventral margins. Each dorsal duct is 16.5-17.5 pm 
long and 8.0-12.5 pm wide, with the tube of the duct 
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slightly thickened inwards from the rim for about one 
third of its length. It is not known whether these ducts 
are homologous with the oral-rim tubular ducts or oral- 
collar tubular ducts of typical mealybugs, and similar¬ 
looking dorsal ducts in other mealybug species have 
been referred to variously as drum-like tubular ducts, 
oral-collar or oral-rim ducts (Williams 1967, 1985; 
Beardsley 1971; Williams and Watson 1988; Williams 
2004). Their structure is more consistent with oral- 
collar tubular ducts because they lack the distinct rim of 
oral-rim tubular ducts, however many of these unusual 
ducts have one or two minute discoidal pores on or near 
the rim of the duct orifice, which is characteristic of 
the oral-rim tubular ducts of some other Pseudococcus 
species. Here these ducts are referred to by the neutral 
descriptor ‘drum-like’, which is a term used by 
Beardsley (1971) and Williams (2004) in reference to 
similar enlarged ducts in Tympanococcus Williams, 
1967. 

Several endemic Australian Pseudococcus species 
share some features with the new Western Australian 
species. For example, the adult females of P. anestios 
Williams, 1985, P. chenopodii Williams, 1985, P. 
epidendrus Williams, 1985, P. eremosus Williams, 1985, 
and a group of five species found only on Araucaria 
(Araucariaceae) have dorsal oral-rim tubular ducts often 
with an obscure rim, translucent pores restricted to the 
hind femur and tibia, small oral-collar tubular ducts 
restricted to a few near the vulva, and multilocular pores 
totally absent (Williams 1985). Of these species, only P. 
epidendrus often has a discoidal pore associated with 
the rim of the dorsal ducts, and none of the these species 
have drum-like dorsal ducts. 

Adult females of the genus Tympanococcus (with 
the type species from Hawaii and two others from 
the Philippines) and the endemic Hawaiian genus 
Chlorococcus Beardsley, 1971 (five species) share 
some features with the adult female of the new species 
described here, particularly the drum-like appearance 
of the dorsal ducts and the restriction of the translucent 
pores to the hind femur and tibia in most species 
(Zimmerman 1948; Beardsley 1959, 1963, 1971; 
Williams 2004). However all species of Chlorococcus 
and the type species of Tympanococcus possess a 
circulus, which is absent in the Western Australian 
species. However, like the Western Australian species, 
Chlorococcus species typically have one to three 
discoidal pores associated with the rim of the dorsal 
ducts and multilocular pores are either absent or just a 
few are present near the vulva. It is most likely that the 
similarity between Chlorococcus and the new Western 
Australian species is due to convergence. Several species 
of Chlorococcus are known only from above 1000 m 
in the Hawaiian mountains and the live females of all 
species are pale or bright green to yellowish-green and 
mostly live exposed on the leaves (Beardsley 1959, 1963, 
1971). The new Western Australian species also occurs 
at a similar elevation (above 900 m), but live specimens 
are not green (see Description below). The three species 
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of Tympanococcus have ventral multilocular pores, 
which are absent from the Western Australian species, 
fewer (3-14) pairs of cerarii than the Western Australian 
species, and the descriptions of Tympanococcus do not 
mention any discoidal pores associated with the dorsal 
ducts. However, like the Western Australian species, 
there are drum-like ventral ducts on adult females of 
Tympanococcus species, either confined to the body 
margin or more widely distributed. Living specimens of 
the type species of Tympanococcus are pale yellowish 
cream (Beardsley 1971). The genus Mollicoccus 
Williams, 1960, from the Solomon Islands (Williams 
and Watson 1988) has drum-like dorsal tubular ducts, 
similar to those of the new Western Australian species. 
However the dorsal tubular ducts of the only known 
species of Mollicoccus, M. guadalcanalanus Williams, 
1960, are not associated with discoidal pores and the 
species also differs from the new species in lacking 
cerarii and in having multilocular disc pores and small 
oral-collar tubular ducts scattered on the abdomen and a 
few on the thorax. 

Pseudococcus has more than 150 named species 
worldwide (Ben-Dov 2102) but molecular data suggest 
that the genus is not monophyletic (Hardy et al. 2008). 
However the relationships of sufficient numbers of 
species of Pseudococcus have not been studied for 
anyone to attempt to change the current functional 
classification of species in this and related genera. 
Some nucleotide sequence data from the nuclear small 
subunit ribosomal RNA gene (18S) were obtained 
for one specimen of the new species from each of the 
two sample sites in the Stirling Range and the two 
specimens were genetically identical. However there was 
insufficient molecular information on other Australian 
mealybugs to make any decision on relationships. Thus 
the conservative approach is followed here and the new 
species from Banksia is placed into Pseudococcus until 
further data are available on relationships. 

Pseudococcus markharveyi Gullan sp. nov. 

Figures 3, 4 

urn:lsid:zoobank.org:act:D8E4B61E-5C19-41E5-BC57- 

A6FEF2E0B5EA 

MATERIAL EXAMINED 

Holotype 

Australia: Western Australia : adult female (1.85 mm 
long, 1.13 mm wide), Stirling Range National Park, Bluff 
Knoll, 34°22'51"S, 118°18’02"E, 27 November 2007, M. 
Moir, ‘Pseudol5’, on Banksia montana (WAM E83772). 

Paratypes 

Australia: Western Australia: 2 adult females (2 
slides), same data as holotype (1 in ANIC, 1 in WAM 
E83773); 3 adult females (including DNA voucher 
LGC01999: 3 slides), Stirling Range National Park, Bluff 
Knoll summit, 1039 m, 34°22'50.6"S, 118°15'02.rE, 
16 February 2012, M.C. Leng and F. Bokhari, ‘Bluff 



FI G U RE 3 Mealybugs of Pseudococcus markharveyi sp. 

nov. (circled) in situ on the host plant Banksia 
montana (photographs by M.L. Moir). 


Knoll B. mon. 8’, on B. montana (1 in ANIC, 2 in 
WAM E83774 & E83775); 2 adult females (including 
DNA voucher LGC01998) and 1 embryo (3 slides), 
Stirling Range National Park, Pyungorup Peak, 1046 
m, 34°21'33.8"S, 118°19 , 34.6"E, 14 February 2012, 
M.C. Leng and F. Bokhari, ‘M004’, on B. montana (1 in 
ANIC, 2 in WAM E3776 & E83777). 

Other material 

Australia: Western Australia: 2 adult females, 
Fitzgerald River National Park, c. 50 km SW of 
Ravensthorpe, 27 December 1985, C.A.M. Reid, on 
Dryandra quercifolia [now Banksia heliantha\ (ANIC). 

DIAGNOSIS 

Type specimens of this new species have been 
collected only from the foliage of B. montana in 
southwest Western Australia. The slide-mounted adult 
female is characterised by having drum-like dorsal 
tubular ducts that often have 1 or 2 minute discoidal 
pores associated with the duct rim, slightly smaller and 
drum-like tubular ducts on ventral margin, 17 pairs of 
cerarii, each with 2 conical setae except first 2 pairs 
on head often with 3 conical setae, translucent pores 
confined to the femur and tibia, small ventral oral-collar 
tubular ducts confined to near the vulva, and by absence 
of a circulus and multilocular pores. 

DESCRIPTION 
Field features (Figure 3) 

Mealybugs were found among the fine brown ‘hairs’ 
of B. montana on the main stem, undersides of leaves 
and developing flowers. Often they were crawling all 
over the leaves and developing flowers, but close to the 
main stem where the plant was the hairiest. Body colour 
pinkish with a covering of white wax. 

Slide-mounted adult female (Figure 4) 

(measurements based on 8 type specimens only) 

Body 1.85-2.60 mm long, 1.13-1.65 mm wide; 
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FIGURE 3 Adult female of Pseudococcus markharveyi sp. nov. (illustration by F?J. Gullan) 
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segmentation distinct. Eyespots 35-45 pm in diameter. 
Antennae (Figure la) 390-440 pm long, with 8 
segments; apical segment 80-90 pm long, 26-35 pm 
wide. Labium 3 segmented, 170-190 pm long, 85-130 
pm wide across base (often rotated). Clypeolabral shield 
(tentorium) 165-190 pm long. Mesothoracic spiracles 
50-70 pm long including apodeme, 25-35 pm wide 
across peritreme; metathoracic spiracles 50-75 mm long 
including apodeme, 30-45 pm wide across peritreme. 
Legs well developed; hind legs with translucent pores 
dorsally on femur (17-32) and tibia (8-14), absent or rare 
on other segments; hind coxa 120-190 pm long, hind 
trochanter + femur 260-320 pm long, hind tibia + tarsus 
335-380 pm long, hind femur 65-100 pm wide; hind 
trochanter with longest seta 110-130 pm long; tarsal 
digitules of each pair of legs capitate, but one shorter 
and thinner than other on all legs: 35-45 pm and 50-53 
pm long; claw digitules capitate, 30-33 pm long; claw 
denticle not discernible. Ratio of lengths of hind tibia + 
tarsus to trochanter + femur 1.19-1.29; ratio of lengths 
of hind tibia to tarsus 2.4-3.1. Circulus absent. Both 
pairs of ostioles well developed; anterior ostioles 90-120 
pm wide, each lip with 2-7 setae and 5-15 trilocular 
pores; posterior ostioles 100-120 pm wide, each lip with 
4-8 setae and 11-21 trilocular pores. Anal ring 85-95 
pm in outside width, with 6 anal ring setae 160-230 
pm long. Anal lobes moderately developed, each with 
an elongate sclerotised area ventrally and an apical seta 
125-150 pm long. Cerarii numbering 17 pairs, mostly 
each cerarius with 2 conical cerarian setae and a small 
cluster of trilocular pores (sometimes as few as one 
pore), but 1-3 auxiliary setae also in each cerarius on 
at least posterior abdomen and on head; each anal lobe 
cerarius with 2 subequal cerarian setae, 25-37.5 pm 
long, 9.0-12.5 pm wide at base, 4-6 auxiliary setae 
and 30-40 associated trilocular pores and 0-2 discoidal 
pores; penultimate cerarius with 2 usually subequal 
conical setae 23-33 pm long, more anterior cerarii with 
slightly shorter conical setae; first 2 pairs of cerarii on 
head (at base of antenna and near eye) each usually with 
3 (rarely 2 or 4) conical cerarian setae and 0-2 auxiliary 
setae, 2-6 trilocular pores and 0-2 discoidal pores. 

Dorsum : with flagellate setae, 10-38 pm long, sparsely 
distributed across all segments, longest on posterior 
abdominal segments and head. Drum-like tubular ducts 

16.5- 17.5 pm long and 8.0-12.5 mm wide, present in an 
irregular transverse row on each thoracic and abdominal 
segment and scattered on head; numbers as follows: 
10-14 on head; on thoracic segments 6-12 on I, 9-18 
on II and 11-15 on III; on abdominal segments 8-13 
on I, 9-12 on II, 8-11 on III, 8-11 on IV, 7-9 on V, 3-6 
on VI, 5-6 on VII and none on VIII. Trilocular pores 

3.5- 5.0 pm in diameter, scattered sparsely across all 
segments. Discoidal pores, ca. 2 pm in diameter, almost 
always associated with rim of drum-like tubular ducts, 
but also sparsely scattered on head. Multilocular pores 
and oral collar tubular ducts absent. 

Venter, with flagellate setae 10-80 pm long, longest 


on head and posterior abdomen, sparsely distributed 
across all segments. Drum-like tubular ducts present 
marginally, ca. 15 pm long and 7.5-10.0 pm wide, 
smaller than on dorsum; distributed as follows on 
each side of body: 1-3 on head; 1-2 on each thoracic 
segment; 1-2 on each abdominal segment except none 
on segment VIII. Oral-collar tubular ducts 7.5-9.0 
pm long, 3.5-4.0 mm wide at inner end, medially to 
submedially on abdominal segments V-VII; numbers 
as follows: 0-2 on V; 0-4 on VI; 1-4 on VII. Trilocular 
pores 3.2-5.0 pm in diameter, scattered across all 
segments, and usually with a linear group of up to 7 
pores around atrium of each spiracle. Discoidal pores, 
size as on dorsum, scattered or near orifice of drum-like 
ducts. Multilocular pores absent. 

Variation 

One adult female from Pyungorup Peak has more 
poorly developed ostioles with fewer setae and pores, 
and slightly smaller spiracles and shorter legs than the 
other type specimens. The two adult females on B. 
heliantha from Fitzgerald River National Park differ 
from the adult females collected on the mountains in 
the Stirling Range in having a larger body (up to twice 
the size of the Stirling Range females), 25-66% longer 
antennae and legs, better developed ostioles (each lip 
of anterior ostioles with 5-8 setae and 14-22 pores; 
each lip of posterior ostioles with 7-12 setae and 22-30 
pores), more pores (52-60) on each anal lobe cerarius, 
and usually two (rather than one) ventral oral-collar 
tubular ducts on each side of the anterior abdominal 
segments with one duct of each pair smaller than the 
other. Due to this variation, these two females have 
been excluded from the type series and their meristic 
and mensural features are excluded from the description 
above. It is possible that the morphological differences 
observed between specimens from the Stirling Range 
National Park and the more coastal Fitzgerald River 
National Park may result from different developmental 
temperatures experienced by the mealybugs. The edges 
of the two parks are less than 100 km apart but separated 
largely by agricultural land. Further collecting in this 
intervening region as well as in the two parks may 
help to establish if the two populations are: (1) isolated 
geographically, (2) restricted in host-plant preference, 
and (3) morphologically and genetically distinct. 

ETYMOLOGY 

The specific name is in honour of Dr Mark 
Harvey, who has been a pioneer in the discovery and 
conservation for short-range endemic invertebrates in 
the biodiversity hotspot of southwest Western Australia. 

DISCUSSION 

Pseudococcus markharveyi was discovered in 2007 
through targeted sampling of threatened plant species and 
non-threatened congenerics (and named Pseudococcus 
sp. 15 in Moir et al. 2012a,b). The fate of the mealybug 
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was brought into question (Moir et al. 2012a) because of 
the tenuous nature of the remaining natural populations 
of B. montana (Gilfillan et al. 2005), and the ex-situ 
conservation methods currently employed to assist in 
saving the host species (seed storage and translocations: 
Coates and Atkins 2001; Gilfillan et al 2005). 

Whether P. markharveyi is monophagous on the 
critically endangered B. montana is questionable given a 
possible collection on B. heliantha. Further collecting is 
planned in the near future to try to secure specimens from 
B. heliantha for molecular comparison with the Stirling 
Range specimens of P. markharveyi. 

Taking the precautionary principle that B. montana 
is the only host, P. markharveyi should be considered 
critically endangered. This conclusion is supported by 
applying the decision framework for cothreatened taxa of 
Moir et al. (2011). It should be noted that populations of 
B. montana may survive, but still result in the extinction 
of the mealybug. This early extinction of the mealybug 
species could occur when the host population becomes 
too small to sustain a viable population of mealybugs 
(see Moir et al. 2010). The level at which an organism 
will go extinct due to a change in some required variable 
(e.g., number of habitat patches) has been termed the 
extinction threshold in studies of metapopulations 
(e.g., Benton 2003). Furthermore, the future survival 
of P. markharveyi is not secured should subsequent 
populations be discovered on other hosts. Fitzpatrick 
et al. (2008) recently predicted that many species of 
Banksia will be extinguished or undergo significant 
range retractions given climate change. Banksia montana 
was not considered by these authors, but it is restricted 
to the highest altitudes of the highest mountain range 
in southwest Western Australia. Due to its isolated 
distribution, B. montana has nowhere to migrate to if 
climate warms and would no doubt become extinct (taxa 
at high altitudes face higher risk of extinction: Thomas 
et al. 2011). In contrast, B. heliantha was considered 
by Fitzpatrick et al. (2008) and is predicted to undergo 
range expansion under most climate-change scenarios. 
However, we note that the predicted expansion is 
dependent upon no intervention of synergistic forces. For 
example, the plant pathogen Phytophthora cinnamomi is 
in Fitzgerald River National Park, although currently the 
majority of the park is disease-free (Dunne et al. 2011), 
and most Banksia species are very susceptible to this 
pathogen (Shearer et al. 2007). 

Of the five species of Hemiptera (true bugs) listed 
by the IUCN Red List as extinct, two are mealybugs: 
Clavicoccus erinaceus Ferris in Zimmerman (1948) and 
Phyllococcus oahuensis (Ehrhorn) (World Conservation 
Monitoring Centre 1996a, 1996b; International Union 
for Conservation of Nature 2012). Both species probably 
became extinct on Hawaii due to the reduction in their 
host plant populations from habitat loss (C. erinaceus 
feeds on the threatened plant Abutilon sandwicense and 
P. oahuensis on two species of Urera\ Beardsley 1984), 
which is similar to the threatening process affecting P. 


markharveyi. 
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ABSTRACT - A new genus and species of leptanthurid isopod, Bunderanthura bundera, are described 
from a single individual from an anchialine environment in Western Australia. The new taxon differs 
from all species of Leptanthura in the elongate antennular and antennal peduncular articles (compact in 
Leptanthura), the presence of a strong thumb proximally on the palm of pereopod 1 (typically a square 
angle in Leptanthura), and on pereopod 2 (never seen in Leptanthura), an especially long pre-palm flexor 
margin on pereopod 3 (absent or short in Leptanthura), and a narrow uropodal exopod (few exceptions 
in Leptanthura). This is the first leptanthurid from non-marine environments outside the Atlantic. 


KEYWORDS: Crustacea, isopod, Cape Range, stygobiont,new genus, new species 


INTRODUCTION 

Members of the crustacean suborder Isopoda 
have invaded fresh or brackish water many times. 
Representatives of freshwater taxa can be found among 
the Asellota (all species of Aselloidea in North America 
plus representatives of three other families), most 
Microcerberidea and Phreatoicidea, all Tainisopidea, 
some Oniscidea, occasional species of at least nine 
families of Cymothoida, plus few Idoteidae (Valvifera) 
and Sphaeromatidae (Sphaeromatidea) (Wilson 2008). 
Several species of Cyathum Norman and Stebbing, 
1886 in the anthuroid family Anthuridae are found in 
brackish or fresh water (Frankenberg 1965; Negoescu 
1981; Nunomura 1977; Poore and Lew Ton 1985) as are 
all 20 species of the related Stygocyathura (e.g. Andreev 
1982a; Andreev 1982b; Botosaneanu and Sket 1999; 
Botosaneanu and Stock 1982; Nunomura 1992; Wagele 
et al. 1987). See Poore (2001) for lists of species. Among 
Paranthuridae, Cruregens fontanus Chilton, 1882 is 
interstitial in ground water in New Zealand (Wagele 
1982) and the two Australian species of the three 
belonging to Cruranthura are estuarine (Poore 1984). 

This is the first record of a stygobiont leptanthurid 
outside the Atlantic Ocean. The only other 


stygobiontleptanthurids known are four species of 
Curassanthura Kensley, 1981. Curassanthura halma 
Kensley, 1981, C. bermudensis Wagele and Brandt, 1985 
and C. jamaicensis Kensley, 1992 live interstitially on 
West Indian beaches and C. canariensis Wagele, 1985 in 
the Canary Islands. All tolerate brackish water, records 
ranging from 18 PSU to fully marine. 

THE ENVIRONMENT 

The specimen was collected from Bundera sinkhole, 
an isolated anchialine sinkhole on the coastal plain of 
Cape Range, 1.7 km inland of the Indian Ocean coast 
where it experiences 10% of oceanic tidal range. It 
was collected by drawing a small plankton net though 
the 4-8 m interval water depth in the cave accessed 
through a bore hole. The salinity varied from 20.3 to 
25.5 PSU, temperature 22.3-24.8°C, pH 7.4-7.6, and 
dissolved oxygen 1.04-2.52 mg L' 1 (determined using a 
Quanta-G, Hydrolab Corporation, Austin, Texas). The 
sinkhole overall exhibits marked ecohydrogeochemical 
stratification, especially at water depths of 8-18 m 
(Humphreys 1999; Humphreys et al. 2012; Seymour et 
al. 2007). 


urn:lsid:zoobank.org:pub:410DF69A-9B0D-46F3-818A-46BE42A1158E 
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ASSOCIATED FAUNA 

The site is the main access to a rich anchialine 
(Stock et al. 1986) fauna including a core suite of 
species belonging to genera or higher taxa having 
a ‘full Tethyan distribution’ (Stock 1993: shown 
below with *) many of which are known elsewhere 
from Lanzarote (Canary Islands) and the Caribbean 
region (Humphreys 2000; Jaume and Humphreys 
2001; Wilson and Humphreys 2001). The crustacean 
assemblage in these waters includes the remipede 
*Kumonga exleyi (Yager and Humphreys, 1996); 
the thaumatocypridid ostracod* Welesia kornickeri 
(Danielopol, Baltanas and Humphreys, 2000); the 
paracypridine candonid Phlyctenophora mesembria 
Wouters, 1999; the epacteriscid calanoid copepod 
*Bunderia misophaga Jaume and Humphreys, 2001; 
the pseudocyclopiid calanoid *Stygocyclopia australis 
Jaume, Boxshall and Humphreys, 2001; the ridgewayiid 
calanoid *Stygoridgewayia trispinosa Tang, Barron and 
Goater, 2008 the misophrioid copepod* Speleophria 
bunderae Jaume, Boxshall and Humphreys, 2001; 
the halicyclopine cyclopoids Halicyclops spinifer 
Kiefer, 1935 and H. longifurnatus Pesce, De Laurentiis 
and Humphreys, 1996; the laophontid harpacticoid 
Onychocamptus bengalensis (Sewell, 1934); the 
tetragonicipitid harpacticoid Phyllopodopsyllus wellsi 
Karanovic et al., 2001; ameirid harpacticoids Nitokra 
lacustris (Schmankevitsch, 1875), N. fragilis G.O. Sars, 
1905 and Nitokra humphreysi Karanovic and Pesce, 
2002; the atyid shrimps *Stygiocaris stylifera Holthuis, 
1959, *S. lancifera Holthuis, 1959 and *Stygiocaris sp. 
undescribed (Page et al. 2008); the thermosbaenacean 
*Halosbaena tulki Poore and Humphreys, 1992; the 
hadziid amphipod *Hadzia branchialis (Bradbury and 
Williams, 1996); the melitid amphipod Nedsia douglasi 
Barnard and Williams, 1995 and the cirolanid isopod 
*Haptolana pholeta Bruce and Humphreys, 1993. 

SYSTEMATICS 

Family Leptanthuridae Poore, 2001 
Bunderanthura gen. nov. 

urn:lsid:zoobank.org:act:C19AA3C6-F194-4E3D-BDD5- 

4D4FBDEB49DD 

TYPE SPECIES 

Bunderanthura bundera sp. nov., herein designated. 

DIAGNOSIS 

Pereonite 7 about half length of pereonite 6. Pleonites 
1-5 free and articulating; pleotelson with posterior 
margin of pleonite 6 indicated dorsally, delineated from 
telson. Eyes absent. Antenna peduncle articles longer 
than wide; flagellum elongate (of 9 articles), longer 
than last article of peduncle, articles cylindrical and 


free. Mandibular palp of 3 articles, palp article 3 with 
3 terminal setae. Maxillipedal endite obsolete; palp 
one-third as long as basis, free from basis, with articles 
1-2 fused, articles 3-5 minute and free. Pereopod 7 
present. Pereopod 1 carpus, flexor margin with simple 
setae ; palm defined proximally by narrow thumb, palm 
with even marginal row of short complex robust setae 
along length, thumb bearing 1 robust seta. Pereopods 

2 and 3 carpi flexor margins with slender flagellate 
seta and 2 simple setae. Pereopodal 2 propodus palm 
defined proximally by triangular thumb, palm with even 
marginal row of short complex robust setae along length, 
thumb with 2 robust setae. Pereopod 3 propodus longer 
than wide, palm oblique, with row of complex robust 
setae. Pereopods 4-7 carpi triangular, flexor margin 
with slender flagellate seta and 2 simple setae, enclosed 
anteriorly by surrounding articles; propodi elongate, 
flexor margin with flagellate setae. Uropodal exopod 
narrowly leaf-shaped, shorter than peduncle. 

Male: unknown. 

REMARKS 

Bunderanthura most resembles Leptanthura Sars, 
1897, a genus of 42 species and the largest genus of 
Leptanthuridae. Notable similarities are the presence 
of all seven pereonites and pairs of pereopods, 
free pleonites, differentiation of pereopods 2 and 3 
from pereopods 4-7, all pereopods with triangular 
carpi, similar numbers of antennular and antennal 
flagellar articles, 3-articled mandibular palp, obsolete 
maxillipedal endite, and short maxillipedal palp with 
compressed distal articles. Bunderanthura differs from 
Leptanthura in the elongate first and second antennal 
peduncular articles (compact in Leptanthura ), the 
presence of a strong thumb proximally on the palm of 
pereopod 1 (typically a square angle in Leptanthura ), 
and on pereopod 2 (never seen in Leptanthura ), an 
especially long pre-palm flexor margin on pereopod 

3 (absent or short in Leptanthura), and with few 
exceptions a narrow uropodal exopod (broad and 
meeting in the middle in most species of Leptanthura). 

Wagele (1989) believed Leptanthura to be a 
polyphyletic genus from which Bullowanthura Poore, 
1978, Ulakanthura Poore, 1978 and Psittanthura 
Wagele, 1985[b] can be derived. It is not the intention 
or the place in this paper to undertake a cladistic 
analysis of this complex. All genera were said to 
share reduced maxillipedal endite and overlapping 
uropodal exopods (exopods secondarily smaller in few 
Leptanthura ). All, except Leptanthura, have a reduced 
or no mandibular palp (also true of L. apalpata). Poore’s 
(2001) phylogenetic analysis (that assumed these and 
all genera as monophyletic) was similar, recognising 
that these four genera shared the reduced maxillipedal 
endite, short maxillipedal palp and a robust seta on the 
margin of the carpus of pereopod 1. In his analysis, 
Leptanthura alone has about three terminal setae on 
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TABLE 1 Distribution and habitat of stygobiont leptanthurid isopods. 


Species 

Location 

Salinity (PSU) 

Habitat 

Reference 

Curassanthura halma 

Curacao, West Indies, 

Caribbean, west 

Atlantic Ocean 

18-33 

coral rubble 

Kensley 1981, 1992; 
Wagele 1985a 

C. bermudensis 

Bermuda, west 

Atlantic Ocean 

15.54-26.06 

anchialine: coarse 

sediments in cave pool 

Wagele and Brandt 

1985 

C. canariensis 

Lanzarote, Canary 
Islands, east Atlantic 

Ocean 

34-35 

anchialine: lava gravel 
in Jameos del Agua 

section of the Corona 

lava tube, Lanzarote 

Wagele 1985a; 

Wilkens et al. 2009 

C. jamaicensis 

Jamaica, Caribbean, 

west Atlantic Ocean 

14 

anchialine: 1.5 m deep 
sinkhole, 100 m inland 

Kensley 1992 

Bunderanthura bundera 

Cape Range peninsula, 
Western Australia, 

Indian Ocean 

25.1-27.9 

anchialine: cave, 1.7 

km inland 

this paper 


the mandibular palp whereas the other genera have a 
uniarticulate palp or no palp at all. Some of the defining 
characters of the new genus are typical of hypogean 
species - attenuated limbs, reduced and narrow uropodal 
exopod, and reduced setation. Bunderanthura bundera 
may be like the others, derived from within Leptanthura 
sensu lato. All 42 species of Leptanthura are marine, 
ten are intertidal or subtidal but most are from shelf or 
bathyal environments (Muller 1992; Poore 2001). 

Bunderanthura is superficially similar to species 
of Curassanthura from similar environments in the 
Atlantic (Table 1) but well-removed from Leptanthura 
in the cladistic analyses of Paranthuridae (sensu lato) 
(Wagele, 1989) and Leptanthuridae (Poore, 2001). 
While all share blindness and the attenuation of body 
and limbs associated with a hypogean environment, 
Curassanthura species lack pereopod 7, have elongate 
carpi on pereopods 2 and 3, have a prominent 
maxillipedal endite, long (yet plesiomorphically fully 
articulated) maxillipedal palp, and lack robust setae 
on the pereopodal carpi. These are the characters that 
separated Curassanthura from Leptanthura and other 
genera in earlier cladistic analyses. 

ETYMOLOGY 

From Bundera, type locality and Anthura, a genus 


name commonly incorporated into generic names within 
Anthuroidea. 

Bunderanthura bundera sp. nov. 

Figures 1-3 

urn:lsid:zoobank.org:act:A00DD04E-297D-4B22-A34F- 

AB9BB8232A51 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : Exmouth Region, 
Bundera, Bore SI, 22.41235°S, 113.76517°E,R.A. Young 
and W.F. Humphreys, 29 June 2012 (stn BES17421), 
Western Australian Museum (WAM C52568, juvenile, 
total length 7.1 mm, posterior section lost following 
dissection). 

DESCRIPTION 

Total length about 12 times width. Head as wide 
as its middorsal length, lateral lobes extending well 
beyond pseudorostrum. Pereonite 1-7 lengths with ratio 
1:1.2:1.05:1.13:1.13:1:0.6. Pleonites 1-5 together as long 
as pereonite 7 middorsally, each with rounded epimera. 
Pleotelson 1.7 times as long as pereonite 7, 3 times 
as long as basal width of telson; telson parallel-sided 




0.5 mm 
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FIGURE 1 Bundanthura bundera gen. and sp. nov., holotype: Dorsal habitus, lateral view of head, pereonite 1 and 

pereonite 1. Left mouthparts in situ: mandible (md); maxillule style (mx), maxilliped (mp). Antennule (al with 
flagellum at greater magnification), antenna (a2 with distal flagellum at greater magnification) in situ. Scale bar 
refers to habitus only. 
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FIGURE 2 Bundanthura bundera gen. and sp. nov., holotype:Apex of telson (t); uropodal endopod and exopod (un, ux). 

Pereopods 1 (with lateral palm seta in detail), 2, 3 (with detail of propodal palm and dactylus apex). Pereopods 
to same scale, detail excepted. 
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FIGURE 3 Bundanthura bundera gen. and sp. nov., holotype: Pereopods 4, 7 (to same scale as figure 2). 


over proximal two-thirds, tapering with gently convex 
margin to acute apex over distal third, 3 pairs of long 
sublateral setae on distal third, apex with pair of simple 
and pair of plumose setae. 

Antennule 1.5 times middorsal length of head; 
peduncle article 1 3 times as long as wide, article 2 0.4 
length of article 1; article 3 as long as article 2; flagellum 
0.7 length of peduncle article 3, of short first article plus 
4 articles bearing 3 setae and 4 aesthetascs. Antenna 3.6 
times middorsal length of head; peduncle article 3 0.3 
length of article 2; article 4 3.5 times as long as wide; 
article 5 4 times as long as wide, 1.1 times as long as 
article 4; flagellum 1.6 times as long as peduncle article 
5, of 8 diminishing articles. Mandibular palp article 
2 with 1 subdistal seta; article 3 half length of article 
2, tapering, with 3 short distal simple setae. Maxillule 
stylet acute, denticulate. Maxillipedal basis with 1 long 
distolateral seta, endite obsolete; palp article 1 tapering, 
with 1 mesiolateral seta, 3 distolateral setae; palp articles 
2-4 minute, diminishing, with 3 distal setae. 

Pereopod 1 merus wider than long, with 1 plumose 
seta on flexor margin; carpus visible only on flexor 
margin, with 3 plumose setae distally; propodus body 
1.8 times as long as wide, strongly tapering, with narrow 
proximal thumb with 1 robust seta on distal margin ; 
palm with c. 20 short pectinate setae laterally and 12 
simple setae mesially; dactylus tapering, closing on 
thumb, unguis about 0.2 length. 

Pereopod 2 carpus set obliquely along flexor margin, 
with 1 slender flagellate seta and 2 simple setae on 
distal angle; propodus 2.5 times as long as basal width, 
tapering, with broadly-based proximal thumb bearing 1 
flagellate robust seta and 1 strong pectinate seta; palm 
with 13 compact pectinate robust setae and 3 simple 


setae laterally, and 4 simple setae mesially; dactylus 
tapering, overlapping thumb. 

Pereopod 3 merus triangular, 1.6 times as long as 
distal width; carpus set under proximal propodus, with 1 
slender flagellate seta and 2 simple setae on distal angle; 
propodus 3 times as long as wide, dilating to oblique 
palm, with obtuse angle bearing 1 slender flagellate 
seta and 2 pectinate robust setae (no thumb); palm with 
7 smaller pectinate robust setae; dactylus overlapping 
palm by more than length of unguis. 

Pereopod 4 merus 3.5 times as long as greatest width; 
carpus triangular, with 1 slender flagellate seta and 2 
simple setae on distal angle; propodus 5.5 times as long 
as wide, with 4 flagellate setae over distal 40% of palm; 
dactylus 0.4 propodus length. 

Pereopod 7 merus 2.5 times as long as greatest width; 
carpus triangular, with 1 slender flagellate seta and 2 
simple setae on distal angle; propodus 5.0 times as long 
as wide, with 3 flagellate setae over distal half of palm; 
dactylus 0.5 propodus length. 

Uropod 1.25 times as long as telson; endopod 0.7 
peduncle length, tapering, 3 times as long as wide, 
with 8 long distal simple setae and 3+2 plumose setae; 
exopod 0.6 peduncle length, narrowly leaf like, 3 times 
as long as greatest width, with 6 marginal plumose 
setae, with 2 plumose and 2 long simple apical setae. 

ETYMOLOGY 

Bundera, from the type locality, noun in apposition. 

DISTRIBUTION 

Western Australia, Exmouth region, stygobiont, 
known only from type locality. 
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DISCUSSION 

Anchialine systems are noteworthy for their highly 
stratified water columns containing a diverse crustacean 
assemblage comprising numerous phylogenetic and 
biogeographic relicts (Iliffe 1992), attributes shared 
with Bundera sinkhole. The structure of part of the 
assemblage is highly predictable, even at the generic 
level, however far apart in the world they occur (Jaume 
et al. 2001; Wagner 1994), typically comprising atyid 
shrimps, thermosbaenaceans, hadziid amphipods, 
cirolanid isopods, remipedes, thaumatocypridid 
ostracods, and a vast array of copepods such as 
epacteriscid, pseudocyclopiid, and ridgewayiid 
calanoids, halicyclopine cyclopoids, speleophriid 
misophrioids, and superornatiremid harpacticoids. 
Furthermore, most of these higher taxa are restricted to 
the fully marine sections of anchialine systems or other 
subterranean habitats, having no known living marine 
members. 

As noted by Wagele (1985a), the stygobiont members 
of the Leptanthuridae follow this tethyan distribution 
closely and the discovery of Bunderanthura bundera 
completes the ‘full Tethyan track’. In addition, they 
all live in anchialine, or meso- to polyhaline habitats. 
There are, however, significant differences between 
the five stygobiont leptanthurids (Table 1) and the other 
taxa with full Tethyan distibutions. Firstly, B. bundera 
inhabits the non fully-marine section of the sinkhole 
whereas the core anchialine taxa occur only in fully 
marine waters below the zone of hydrogen sulphide in 
Bundera sinkhole (Humphreys 1999). Secondly, non- 
stygobiont leptanthurids are widespread in the oceans 
today where they are represented by 96 species (Poore 
and Bruce 2012), whereas the core Tethyan taxa are 
restricted to anchialine habitats. Finally, the stygobiont 
leptanthurids are absent from the North America plate, 
where the core anchialine taxa (Boxshall and Iglikowska 
2012) are concentrated globally. 
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ABSTRACT - The worm lizard genus Aprasia is a distinct group of morphologically conservative, 
fossorial pygopodids. Current knowledge of their taxonomy is incomplete, particularly in Western 
Australia where they are most diverse. Recent biological surveys in Western Australia, using fenced 
pitfall traplines, combined with active searching near Dongara and on the two largest islands in the 
Houtman Abrolhos (East and West Wallabi) found three specimens of a very small Aprasia that were 
tentatively referable to A. repens. As such, they represented an additional species to the herpetofauna 
of the remote Abrolhos Archipelago. We further investigated these specimens by carrying out an 
analysis of allozyme and morphological variation in the A. repens species-group. We found the three 
specimens to be conspecific with each other yet distinct from all described species. The new species is 
closest genetically to A. repens, but in morphology is most similar to A. haroldi. Aprasia clairae sp. nov. 
differs from all other Aprasia by a conservative suite of morphological characters and by multiple fixed 
allozyme differences. We also make remarks on the conservation status of the new species and other 
unresolved taxonomic issues within Aprasia. 

KEYWORDS: cryptic species, worm lizard, Aprasia clairae sp. nov., central west coast, Houtman 
Abrolhos, allozyme electrophoresis 


INTRODUCTION 

There are currently 42 described species of pygopodid 
gecko lizards known from Australia. Of these, 12 
species are referrable to Aprasia, a genus of small, 
slender, worm-like lizards found across the southern 
two-thirds of Australia, excluding Tasmania (Wilson 
and Swan 2013). The genus has received little recent 
taxonomic attention since its comprehensive taxonomic 
revision by Kluge in 1974 and the descriptions of Storr 
(1970, 1978, 1979). Smith and Henry (1999) described 
A. picturata from central inland Western Australia, the 
first new species for over 20 years. Jennings et al. (2003) 
published a molecular phylogeny for 32 species within 


the pygopodidae, including all but two of the described 
species of Aprasia. His study found the genus to be 
monophyletic when compared to other pygopodid genera 
and he provided a phylogenetic framework within 
Aprasia that was mostly concordant with relationships 
inferred using morphology (Kluge 1974). 

The herpetofauna of the Geraldton region (including 
the Houtman Abrolhos) is exceptionally diverse and has 
a long history of surveys (Alexander 1922; Storr et al. 
1983; Maryan 2005). More recently, additional surveys 
to document the herpetofauna have resulted in no new 
species being recorded for the Houtman Abrolhos, but 
several new records of species being found on individual 
islands (How et al. 2004). Recording additional species 
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of herpetofauna on islands is commonplace (Maryan 
and Reinhold 2009; Doughty et al. 2012) and is usually 
a result of using more intensive sampling techniques 
such as pitfall trapping combined with active searching. 
These techniques were conducted for the first time 
on the two largest islands in the Houtman Abrolhos, 
East and West Wallabi, resulting in the addition of 
two previously unrecorded species to the Abrolhos 
herpetofauna, including two individuals of Aprasia 
sp. (Maryan et al. 2009). Similarly, on the adjacent 
mainland, a single individual of Aprasia sp. was 
detected while conducting an intensive fauna survey 
using the same techniques (G. Harold, pers. comm.). 

A checklist of Western Australian reptiles (Aplin and 
Smith 2001) focussed attention on unresolved taxonomic 
issues within Western Australian Aprasia. First, it 
noted taxonomic similarities between A. fusca Storr, 
1979, from the upper west coast and the closely related 
A. rostrata Parker, 1956, on the Montebello Islands. 
Second, it provided an updated specimen list for the 
widespread A. repens (Fry, 1914), including several 
from localities at the northern edge of its range that 
were not included in the initial taxonomic assessment 
of this species and appeared somewhat different. To 
help resolve this taxonomic uncertainty, we undertook 
several combined molecular and morphological 
appraisals of taxa within the A. repens species-group as 
proposed by Storr et al. (1990) i.e. A. fusca, A. haroldi 
Storr, 1978, A. picturata, A. repens, A. rostrata and A. 
smithi Storr, 1970. This study presents such an appraisal, 
focussing on the taxonomic affinities of three specimens 
of Aprasia sp. from the Geraldton region of Western 
Australia, all of which had been tentatively assigned to 
A. repens. This study also highlights the need to address 
further taxonomic issues within the genus Aprasia. 

METHODS 

MORPHOLOGICAL ANALYSIS 

The three specimens of the Aprasia sp. are adult 
males with mature developed testes, and they were 
compared to 10 A. fusca from the upper west coast, 8 
A. haroldi from Shark Bay and 10 A. repens from Perth 
(see Appendix for specimen details). All specimens 
are from the collections of the Western Australian 
Museum. Liver samples of those specimens with 
tissues extracted are stored at -70°C at WAM. Sex of 
individuals was determined by visual inspection of 
everted hemipenes and presence of post-cloacal spur in 
males, or by direct internal examination of gonads. For 
the purpose of this study the following morphometric 
data were recorded using digital calipers to the nearest 
0.1 mm: snout-vent length (SVL), tail length (TailL), 
head depth immediately behind eye (HeadD), head 
length from tip of snout to posterior margin of frontal 
scale (HeadL), head width between eye (HeadW), 
rostral length between anterior and posterior point of 
scale (RL), rostral width between lateral extremes of 
scale (RW), snout length from tip of snout to anterior 


margin of eye (SnL) and width of the eye (EyeW). The 
majority of tails in specimens of all four taxa were 
regenerated and, consequently, were omitted from the 
multivariate analysis of morphological variation. Three 
meristics counts were taken: number of midbody scale 
rows counted midway around body (Mbs), number of 
ventrals counted from immediately behind mental scale 
to vent (Vent) and number of vertebrals counted from 
immediately behind frontal scale to above vent (Vert). 
Specimens preserved in a circular or twisted position 
were straightened on a flat surface when measured for 
snout-vent and tail length. Tails were not measured if 
they were recently broken or obviously regenerated, as 
suggested by a clear break in colouration. 

These normalised morphological variables were 
subjected to multivariate analysis using the PRIMER v6 
computer program (Clarke and Gorley 2006) with the 
PERMANOVA+ add-on (Anderson et al. 2008). 

ALL0ZYME ANALYSIS 

An allozyme study was undertaken to compare the 
three Aprasia sp. with exemplars of all species within 
the A. repens species-group for which frozen tissues 
was available (all species except A. picturata) plus 
Western Australian exemplars of two other outgroup 
species of Aprasia (A. pulchella and A. striolata ). A 
total of 25 specimens were included in the allozyme 
study (Appendix), with sample sizes ranging from n=l 
for A. haroldi to n=7 for A. repens (Table 2). Such small 
sample sizes were not dictated by choice; rather they 
reflect the general paucity of both museum vouchers and 
frozen tissues available. 

Allozyme electrophoresis of liver homogenates 
was conducted on cellulose acetate gels as detailed 
in Richardson et al. (1986). The following enzymes 
exhibited allozymically-interpretable banding patterns 
after histochemical staining: aconitase hydratase 
(ACON, EC 4.2.1.3), acid phosphatase (ACP, EC 
3.1.3.2), aminoacylase (ACYC, EC 3.5.1.14), adenylate 
kinase (AK, EC 2.7.4.3), diaphorase (DIA, EC 1.6.99.), 
-enolase (ENOL, EC 4.2.1.11), esterase (EST, EC 
3.1.1.), -fumarate hydratase (FUM, EC 4.2.1.2), 
glyceraldehyde-3-phosphate dehydrogenase (GAPD, 
EC 1.2.1.12), guanine deaminase (GDA, EC 3.5.4.3), 
lactoylglutathione lyase (GLO, EC 4.4.1.5), aspartate 
aminotransferase (GOT, EC 2.6.1.1), glucose-6- 
phosphate isomerase (GPI, EC 5.3.1.9), glutathione 
reductase (GSR, EC 1.6.4.2), guanylate kinase (GUK, 
EC 2.7.4.8), isocitrate dehydrogenase (IDH, EC 
1.1.1.42), cytosol aminopeptidase (LAP, EC 3.4.11.1), 
L-lactate dehydrogenase (LDH, EC 1.1.1.27), malate 
dehydrogenase (MDH, EC 1.1.1.37), -‘malic’ enzyme 
(ME, EC 1.1.1.40), mannose-6-phosphate isomerase 
(MPI, EC 5.3.1.8), nucleoside-diphosphate kinase 
(NDPK, EC 2.7.4.6), dipeptidase (PEP-A, EC 3.4.13.), 
tripeptide aminopeptidase (PEP-B, EC 3.4.11.), 
dipeptidase (PEP-C, EC 3.4.13.), phosphogluconate 
dehydrogenase (6PGD, EC 1.1.1.44), phosphoglycerate 
kinase (PGK, EC 2.7.2.3), phosphoglucomutase 
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FIGURE 1 Principal Co-ordinates analysis (PCO), based on Euclidean distances of normalised morphological variables for 
A. clairae sp. nov. (▲), A. fusca (o), A. haroldi (□) and A. repens (0), with the percentage variation explained by 
each of the first two axes. 


(PGM, EC 5.4.2.2), pyruvate kinase (PK, EC 2.7.1.40), 
superoxide dismutase (SOD, EC 1.15.1.1), L-iditol 
dehydrogenase (SORDH, EC 1.1.1.14), triose-phosphate 
isomerase (TPI, EC 5.3.1.1) and UTP-glucose-1- 
phosphate uridylyltransferase (UGPP, EC 2.7.7.9). The 
nomenclature for referring to multiple loci and for 
differentiating allozymes follows Adams et al. (1987). 

To test their ability to delineate taxa from first 
principles, the raw allozyme data were first subjected 
to the multivariate ordination procedure of Principal 
Co-ordinates analysis (PCO). The levels of genetic 
distinctiveness among the various clusters of individuals 
identified in the initial PCO, based on all 25 individuals, 
were quantified as the pairwise number of fixed 
allozyme differences (allowing a cumulative tolerance 
of 10% per locus for shared alleles). Follow up PCOs on 
subsets of individuals representing composite genetic 
groupings were then undertaken to explore genetic 
heterogeneity in deeper PCO dimensions. Horner and 
Adams (2007) detail the rationale, principles, and all 
procedures employed in employing stepwise PCO to 
assign individuals to taxa and, where present, identify 
putative hybrids. 

Having demonstrated from first principles that the 
allozyme data supported the validity of all seven 
Aprnsia species, including the Aprasia sp. specimens 
from West Wallabi/Dongara, the genetic affinities 
among species were depicted by constructing neighbour¬ 
joining trees from pairwise matrices of both the number 
of fixed differences and Nei’s unbiased Distance, again 
following the methodology of Horner and Adams 
(2007). 



FIGURE 2 Stepwise Principal Co-ordinates analysis of the 
25 Aprasia genotyped in the allozyme study. 
Each individual has been identified post hoc by 
a symbol depicting its morphotype. (a) Initial 
PCO of all specimens. Relative PCO scores 
have been plotted for the first and second 
dimensions, which individually explained 35% 
and 26% respectively of the total multivariate 
variation present in 24 dimensions, (b) Follow 
up PCO of individuals within the composite 
cluster comprising A. clairae sp. nov., A. 
repens, A. haroldi and A. smithi. The first and 
second PCO dimensions explained 36% and 
29% respectively of the total multivariate 
variation present in 12 dimensions. 
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TABLE 1 Summaries of characters and ratios measured for Aprasia species. All measurements in mm. Mean±S.D. 

(range). See methods for abbreviations. Sample sizes (N) are listed in headings. *A. fusca represents a 
composite taxon. 



A. clairae sp. nov. 

A. fusca 

A. haroldi 

A. repens 

Character 

N = 3 

N= 10 

N = 8 

N = 10 

SVL 

78.0±13.1 

98.8±14.8 

83.6±10.9 

89.7±7.8 

(64-90) 

(72-126) 

(59-92) 

(82-105) 

HeadD 

1.7±0.2 

2.0±0.2 

1.5±0.1 

2.0±0.1 

(1.4-1.9) 

(1.6-2.4) 

(1.1-1.7) 

(1.7-2.2) 

HeadL 

2.5±0.0 

2.8±0.2 

2.6±0.2 

3.1±0.1 

(2.4-2.6) 

(2.4-3.2) 

(2.0-2.8) 

(2.9-3.2) 

HeadW 

1.8±0.1 

1.9±0.1 

1.6±0.1 

2.0±0.1 

(1.6-1.9) 

(1.5-2.2) 

(1.5-1.8) 

(1.9-2.3) 

RL 

0.6±0.0 

0.8±0.0 

0.7±0.0 

0.7±0.0 

(0.5-0.6) 

(0.7-0.9) 

(0.5-0.7) 

(0.6-0.9) 

RW 

0.6±0.0 

0.6±0.0 

0.6±0.0 

0.7±0.0 

(0.5-0.7) 

(0.5-0.7) 

(0.6-0.7) 

(0.6-0.9) 

SnL 

1.6±0.1 

1.8±0.1 

1.6±0.1 

1.8±0.1 

(1.5-1.7) 

(1.6-2.0) 

(1.5-1.8) 

(1.6-1.9) 

EyeW 

0.6±0.0 

0.7±0.0 

0.6±0.0 

0.7±0.0 

(0.5-0.7) 

(0.7-0.9) 

(0.5-0.7) 

(0.7-0.7) 

Mbs 

14±0.0 

13.8±0.6 

14±0.0 

12±0.0 

(14) 

(12-14*) 

(14) 

(12) 

Vent 

152.6±1.1 

183.0±8.4 

156.0±7.1 

135.8±6.0 

(152-154) 

(164-190) 

(148-168) 

(128-148) 

Vert 

143.3±3.0 

177.8±8.0 

148.2±7.5 

132.8±8.2 

(138-146) 

(160-188) 

(142-164) 

(124-152) 


RESULTS 

MORPHOLOGICAL ANALYSIS 

The morphological variables were normalised then 
subjected to Bray-Curtis similarity analysis before 
applying to Principal Co-ordinates analysis (PCO) using 
the Permanova add-on to the Primer program (Figure 1). 

Examination of the mensural and meristic data 
presented in Table 1 and subjected to the PCO analysis 
(Figure 1) clearly differentiates A. clairne sp. nov. from 
A. fusca and A. repens which are markedly different 
from each other. Apart from the key meristic difference 
in Mbs between A. clairae sp. nov. and A. repens, mean 
average counts for Vent and Vert scales are considerably 
higher in the new taxon, but lower when compared to 
A. fusca. The data suggests slight differences in head 
proportions between A. clairae sp. nov., A. fusca and 
A. repens, with the new taxon having on average a 
shorter head as expressed in the lower HeadL, RL and 
SnL values. Aprasia clairae sp. nov. is also on average 
the smallest species. In contrast, while there is no clear 


separation between A. clairae sp. nov. and A. haroldi on 
the plot of the first two principal co-ordinate axes, these 
two taxa are nevertheless clearly diagnosable using four 
morphological characters (see ‘Comparisons with other 
species’ in Systematics, below). 

ALLOZYME ANALYSIS 

The final allozyme dataset comprised the genotypes of 
25 individuals at 38 putative allozyme loci. These data 
are summarised by taxon and locus in Table 2. An initial 
PCO of all individuals identified four primary genetic 
groups (Figure 2a), corresponding to the two outgroups 
A. pulchella and A. striolata, the northern species A. 
fusca, and a composite group of the remaining four taxa 
(A. clairae sp. nov., A. repens, A. haroldi, and A. smithi). 
A subsequent PCO on this composite group confirmed 
the diagnosability of all four taxa (Figure 2b). Thus all 
seven species of Aprasia, including A. clairae sp. nov., 
were diagnosable from one another by fixed differences 
at a minimum of three allozyme loci and by Nei 
Distances exceeding 0.09 (Table 3). Within A. clairae 
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TABLE 2 Allozyme frequencies at all variable loci for the seven species of Aprasia included in the allozyme study. For 

polymorphic loci, the frequencies of the most common allele(s) is/are expressed as percentages and shown as 
superscripts (allowing the frequency of the rarest alleles to be calculated by subtraction from 100%). Sample 
sizes are given in brackets directly under each species. A dash (-) indicates this locus was not interpretable due 
to lack of sufficient enzyme activity. The following loci were invariant: Akl, Gapd, Got2, Guk, Lap, Ldh, Mdh, 
Ndpk, 6Pgd, Pgk, Tpi, and Ugpp. 



clairae 

repens 

haroldi 

smithi 

fuse a 

pulchella 

striolata 

Locus 

(3) 

(7) 

(1) 

(2) 

(6) 

(4) 

(2) 

Aconl 

c 

c 

c 

d 

a 80 , b 

a 

a 

Acon2 

c 

c 93 ,a 

c 

d 50 ,g 

f 

a 

e 75 ,b 

Acp 

a 

a 

a 

a 

a 

a 75 ,b 

a 

Acyc 

a 

a 

a 

a 

a 

b 

b 

Ak2 

b 

b 93 ,a 

b 

b 

b 

b 

b 

Dia 

e 

e 

c 50 ,d 

e 

e 

b 

a 

Enol 

b 

a 

a 

c 

c 

c 

b 

Est 

b 

b 79 ,a 

b 

b 

b 

b 

b 

Fum 

b 83 ,d 

b 7l ,d 

b 

b 

b 

b 50 ,a 38 , c 

b 

Gda 

b 

b 

- 

b 

a 

b 

b 

Glo 

b 

b 

b 

a 

b 

b 

b 

Gotl 

b 

b 

a 

b 

b 50 ,c 

b 

b 

Gpi 

a 

a 

a 50 ,b 

b 

a 

b 50 ,c 

b 

Gsr 

c 34 ,a 33 ,b 

a 

a 

a 

b 

c 

c 

Idhl 

b 

b 

b 

b 

b 

a 63 ,b 

b 

Idh2 

b 

b 

- 

a 50 ,b 

b 67 ,c 17 ,d 

b 

b 

Me 

d 50 ,e 

a 79 ,d 

b 

b 

d 83 ,f 

e 

b 50 ,c 

Mpi 

d 

c 

c 

c 

c 

a 

b 75 ,a 

PepAl 

a 

a 

- 

a 

a 

b 

c 

PepA2 

c 67 ,b 

c 

c 

c 

a 

c 

c 

PepB 

c 

d»,b 

c 

d 

c 58 ,a 

c 

c 

PepC 

c 

c 

c 

b 

a 

c 

c 

Pgm 

b 

b 93 ,c 

b 

b 

b 

a 

a 

Pk 

a 

a 

a 

a 

a 

b 

a 

Sod 

a 

a 

a 

a 

a 

b 

b 

Sordh 

c 

c 

- 

a 50 ,c 

b 

c 

b 
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- A. pulchella 

- A. striolata 

- A. smithi 

A. haroldi 

— A. clairae sp. nov. 

- A. re pens 

- A. fusca 

1 fixed difference 


FIGURE 3 Neighbour-joining tree among seven species 
of Aprasia from Western Australia, based on 
the number of fixed differences. 


sp. nov., there were fixed differences between the one 
mainland and two island specimens at two loci (< Gsr and 
PepA2 ). As there are only three specimens, however, 
this level of genetic divergence remains consistent with 
the general expectations for a single, non-panmictic 
species (Richardson et al. 1986). 

As the two neighbour-joining trees constructed 
using the two different measures of genetic divergence 
displayed the same topology, only the one based on the 
number of fixed differences is presented herein (Figure 
3). This tree provides support for the monophyly of 
the five members currently assigned to the A. repens 
species-group, at least to the exclusion of A. striolata 
and A. pulchella. Within the A. repens species-group, 
the allozyme data infer a close genetic affinity between 
A. clairae sp. nov, A. repens, and A. haroldi, the three 
most southerly occurring species (Figure 4). 


TAXONOMIC CONCLUSIONS 

The case for recognition of the Aprasia sp. specimens 
from West Wallabi/Dongara as a distinct species 
is strongly supported by the genetic evidence. The 
genetic affinities of this population clearly lie with 
A. repens and A. haroldi, however, all three species 
are well-differentiated genetically, with a total of 
three fixed differences and a Nei D exceeding 0.09. 
Furthermore, morphological comparisons of the 
Aprasia sp. specimens from West Wallabi/Dongara 
readily distinguish them from all other described 
taxa within the A. repens species-group. Therefore, 
we herein describe a new Aprasia species from the 
central west coast of Western Australia, underlining the 
exceptionally diverse pygopodid fauna from this region. 

SYSTEMATICS 

Genus Aprasia Gray, 1839 

Aprasia Gray, 1839: 331 

TYPE SPECIES 

Aprasia pulchella Gray, 1839, by monotypy. 

DIAGNOSIS (FROM KLUGE 1974) 

Aprasia differs from all other pygopodid genera in 
possessing the following combination of character 
states: head scales very large, few in number; parietal 
scales absent; ring of ocular tissue not completely 
separated into distinct scales; external auditory meatus 
absent (small opening present beneath scale in A. 
aurita ); scales smooth; precloacal pores absent; almost 
always one hind limb scale; snout very short; body 
diameter very small; tail very short. 



TABLE 3 Pairwise genetic distance values among Aprasia species. Lower left-hand triangle = number of loci displaying a 
fixed allozyme difference; upper right-hand triangle = unbiased Nei Distance. 


Species 

clairae 

repens 

haroldi 

smithi 

fusca 

pulchella 

striolata 

clairae 

- 

0.11 

0.14 

0.30 

0.28 

0.37 

0.30 

repens 

3 

- 

0.09 

0.22 

0.31 

0.45 

0.41 

haroldi 

4 

3 

- 

0.23 

0.27 

0.47 

0.34 

smithi 

9 

7 

7 

- 

0.34 

0.50 

0.42 

fusca 

8 

9 

8 

11 

- 

0.54 

0.44 

pulchella 

10 

13 

12 

13 

14 

- 

0.24 

striolata 

10 

13 

10 

13 

13 

7 

_ 
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FIGURE 4 Distribution map of Aprasia clairae sp. nov., A. fusca, A. haroldi, A. repens and A. rostrata from Western 
Australia. 
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INCLUDED SPECIES 

Aprasia aurita Kluge, 1974, A. clairae sp. nov., A. 
fusca Storr, 1979, A. haroldi Storr, 1978, A. inaurita 
Kluge, 1974, A. parapulchella Kluge, 1974, A. picturata 
Smith and Henry, 1999, A. pseudopulchella Kluge, 
1974, A. pulchella Gray, 1839, A. repens (Fry, 1914), A. 
rostrata Parker, 1956, A. smithi Storr, 1970, A. striolata 
Lutken, 1863. 

Aprasia repens species-group 

DIAGNOSIS 

As proposed by Storr et al. (1990) this group is 
endemic to Western Australia and currently comprises 
A. clairae sp. nov., A. fusca, A. haroldi, A. picturata, 
A. repens, A. rostrata and A. smithi. Compared to other 
Aprasia, the members of this group have a more slender 
body, a narrower head with a longer, more angular snout 
profile, and the postocular is almost always fused to the 
second last supralabial. 

Aprasia clairae sp. nov. 

Batavia Coast Worm Lizard 

Figures 5-7 

urn:lsid:zoobank.org:act:CD134C0E-D604-4418-B8F8- 

AC5F9D4BC3AF 

MATERIAL EXAMINED 

Holotype 

Australia: Western Australia : male, Turtle Bay, East 
Wallabi Island, Houtman Abrolhos Islands (28°25'55"S, 


113°44'08"E) on 8 November 2005 by B. Maryan and 
R.A. How (WAM R156901). 

Paratypes 

Australia: Western Australia: male, 10 km SSE 
Dongara, Geraldton Sandplains bioregion (29°19'S, 
114°58'E), 28 September 1996, G. Harold (WAM 
R127527); male, as for holotype except 7 November 
2005 (WAM R156892). 

DIAGNOSIS 

A small (SVL up to 90 mm) and slender-bodied 
member of the A. repens species-group with 14 midbody 
scales, 152-154 ventral scales, 138-146 vertebral scales, 
five upper labials with first anteriorly fused to nasal, 
condition of nasal suture typically contacting second 
upper labial, postocular fused with fourth upper labial, 
and simple colouration of longitudinal lines of brownish 
streaks on a yellowish-brown dorsum with a densely 
flecked ventral surface. 

DESCRIPTION OF HOLOTYPE 

Head narrow, not wider or narrower than the body; no 
obvious tympani aperture; snout long and moderately 
angular in profile, but not sharp-edged, forming distinct 
undershot lower jaw; eyes relatively large positioned 
above third upper labial; nostril positioned anteriorly 
in nasal; body and tail very slender and round in cross- 
section; no vestiges of forelimbs externally; hindlimbs 
visible as very small triangular flaps at lateral extremes 
of vent; post-cloacal spurs evident as very small 
protrusion opposite triangular flaps; tail short with 
round tip. 



FIGURE 5 Holotype (WAM R156901) of Aprasia clairae sp. nov., photographed in life (B. Maryan). 
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FIGURE 6 Head scalation of Aprasia clairae sp. nov. 

holotype (WAM R156901) in (A) dorsal and (B) 
lateral views. 



Head scales smooth; rostral rounded anteriorly, wider 
than high, visible from above with posterior point 
penetrating nasals; nasals large and in broad contact, 
angled slightly posteriorly behind rostral; nasal fused 
anteriorly and forming suture with first upper labial; 
nasal suture originates from anterior border of second 
upper labial forming narrow contact with nasal, nasal 
suture not visible from above; prefrontals large and in 
broad contact, and in contact with second upper labial; 
frontal elongate, equally wide as narrow and rounded 
posteriorly; 1 large supraocular above full width of eyes; 
1 small preocular, much higher than wide, in broad 
contact with second upper labial and in short contact 
with third upper labial; 5 upper labials, second larger 
than third, fourth fused to postocular and fifth the 
smallest. General form of head and details of scalation 
as illustrated in Figure 6. 

Body scales, smooth and shiny, non-imbricate, 
homogeneous, and arranged in parallel longitudinal 
rows; ventral scales not noticeably wider than the 
adjacent body scales. 

Colouration 

In life, head light brown, darkest on sides as a 


FIGURE 7 Preserved holotype of Aprasia clairae sp. nov. 
(WAM R156901). 


streak from eye to nostril and on neck. Dorsal surface 
yellowish-brown, more uniform anteriorly becoming 
‘dappled’ posteriorly (owing to increasingly dark spots 
on scales), then merging to silvery-grey on tail. Two 
vague, longitudinal lines of brownish streaks extend 
from behind head to regenerated tail-portion, becoming 
indistinct lines of smudges on silvery-grey flanks. 
Ventral surface (including under head) densely flecked 
with dark brown becoming paler posteriorly. 

In preservative, the yellowish-brown colouration on 
dorsal surface becomes a silvery-grey (Figure 7). Dark 
pigment on dorsum, flanks and ventral surface is more 
prominent. Regenerated tail-portion with a pale yellow 
wash. 

Details of holotype 

Measurements in mm. SVL - 90, TailL 35 regenerated 
(38% of SVL), HeadD - 1.9, HeadL - 2.5, HeadW - 1.9, 
RL - 0.5, RW - 0.7, SnL - 1.7, EyeW - 0.5, Mbs - 14, 
Vent - 154, Vert - 144. 

VARIATION 
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Table 1 presents the ranges of the characters 
counted and measured for the three known adult male 
specimens. The other island paratype is coloured 
similarly to the holotype in life and in preservative. 
The mainland paratype WAM R127527 is considerably 
darker brown on the head and on the lateral and ventral 
surfaces with distinct longitudinal lines of pale streaks. 
The nature of the nasal suture in WAM R156892 
differs from the other specimens in that it connects the 
suture between the first and second upper labials in 
such a position that these two labials, the nasal and the 
prefrontal meet. The nature of the nasal suture in WAM 
R127527 on the right side only connects the second 
upper labial in such a lower position that the nasal 
forms a long contact with this scale. As outlined earlier, 
allozyme differences are also evident between the island 
and mainland specimens. 

ETYMOLOGY 

This species is named for Claire Stevenson, formerly 
of the Western Australian Museum, in recognition of 
her contribution to Western Australian natural history 
and the collections of the Western Australian Museum, 
and her exemplary facilitation of numerous taxonomic 
research and administration projects. 

DISTRIBUTION 

Aprasia clairae is known only from two localities, one 
on the mainland near Dongara and the other at Turtle 
Bay on East Wallabi Island in the Houtman Abrolhos 
(Figure 4). A similar amount of trapping and active 


searching effort was made on the nearby West Wallabi 
Island without finding any additional specimens. Both 
islands are the largest in the Houtman Abrolhos and 
gazetted A’-class Nature Reserves. The collection site 
on the mainland is not protected in any area set aside 
for the conservation of flora and fauna. Further surveys 
are required at optimum times on these islands and the 
adjacent mainland to determine whether this species is 
distributed more widely in the area. 

HABITAT 

The holotype was captured when it was raked (using 
a 3-prong cultivator) from beneath a small, embedded 
stump on near coastal dunes on friable deep white sand 
(Figure 8). The type locality vegetation is described 
in Harvey et al. (2001) as an incomplete canopy of 
dwarf shrubs and grasses dominated by Myoporum 
insulare, Olearia axillaris and Spinifex longifolius. 
The island paratype was unearthed in the same habitat 
while installing a pit-trap. A subsequent search in the 
same area for further specimens in February 2007 by 
hand was unsuccessful; however, the seasonally dry 
conditions at this time of year (summer) are unfavourable 
for encountering such fossorial species (B. Maryan 
and R.A. How, pers. obs.). The mainland paratype was 
similarly unearthed while installing a drift-fence in a 
broad interdune adjacent to near coastal dunes with low 
scrub and dense thickets of Acacia rostellifera. Both 
collection sites for this species have a very similar coastal 
vegetation structure on deep white sand. 



FIGURE 8 Near coastal dunes immediately behind Turtle Bay on East Wallabi Island, Houtman Abrolhos, Western 
Australia, the type locality for Aprasia clairae sp. nov. (B. Maryan). 
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COMPARISONS WITH OTHER SPECIES 

Aprasia clairae sp. nov. will be compared first with 
A. repens and A. haroldi, the two species with which 
it is most similar to in general aspects of colouration 
and scalation, then with geographically proximate 
and distant congeners with which it shares important 
characters. 

The three specimens of Aprasia clairae sp. nov. were 
previously assigned to A. repens, however, the new 
species differs in having 14 midbody scale rows (v. 12), 
prefrontal not forming suture with first upper labial (v. 
forming suture), possessing a smaller adult size (SVL 
up to 90 mm v. up to 126 mm) and having a different 
colouration consisting of dense dark flecking under the 
head and along the ventral surface (v. whitish, often 
yellow in life under the head, occasionally marked with 
lines of short dashes along the ventral surface). Aprasia 
clairae sp. nov. also has a higher number of ventral and 
vertebral scales than A. repens (Table 1). 

A. clairae sp. nov. is morphologically most similar 
to A. haroldi (Figure 1). These taxa share similar 
meristic counts including 14 midbody scale rows and 
have comparable body proportions (Table 1). However, 
A. clairae sp. nov. differs from A. haroldi in having 5 
upper labials (v. 4), prefrontal not in long contact with 
first upper labial (v. in long contact), postocular fused 
to fourth upper labial (v. fused to third) and third upper 
labial in subocular position (v. second) and in having a 
more rounded snout in dorsal and lateral view (v. more 
pointed). Aprasia haroldi is also allopatric to A. clairae 
sp. nov. (Figure 4). 

Aprasia clairae sp. nov. differs from A. fusca in 
possessing a smaller adult size (SVL up to 90 mm v. up 
to 126 mm) and having a considerably lower number of 
ventral and vertebral scales (Table 1). Aprasia clairae 
sp. nov. similarly differs from A. rostrata on the same 
characters outlined above for A. fusca with both species 
allopatric to A. clairae sp. nov. (Figure 4). 

All other Western Australian species differ from A. 
clairae sp. nov.: with A. picturata and A. smithi having 
black heads and A. inaurita, A. pulchella and A. striolata 
having rounded, blunt snouts with a free postocular. 

REMARKS 

The three known specimens of A. clairae sp. nov. 
represent the smallest Aprasia species recorded to 
date with a maximum SVL of 90 mm (Storr et al. 
1990; Henkel 2010; Wilson and Swan 2013). The only 
mainland specimen WAM R127527 with a SVL of 64 
mm is an adult male with mature, developed testes. No 
adult females have been collected and they are known to 
attain larger body sizes than conspecific males (Webb 
and Shine 1994), as is typical of other pygopodids 
(Patchell and Shine 1986; Maryan et al. 2007). 

Based on current knowledge, A. clairae sp. nov. 
has one of the smallest distributions of an Australian 
pygopodid gecko, with only two locations known, 
an island and the adjacent mainland. As Aprasia are 


extremely cryptic and their basic biology is virtually 
unstudied, any inferences on population size, declines 
or seasonal trends related to breeding and feeding are 
purely speculative. It is worth noting, however, that the 
apparent restricted distribution of A. clairae sp. nov. is 
comparable to another very restricted-range species to 
the south, C. lancelini (Cogger et al. 1993), which has 
an island population with a single mainland record, and 
shares both a state and federal listing as Vulnerable 
under the Wildlife Conservation Act 1950 and the 
Environment Protection and Biodiversity Act 1999. 

DISCUSSION 

Even surveys of historically well collected areas for 
reptiles, such as on the central west coast of Western 
Australia (Alexander 1922; Storr et al. 1983; Maryan 
2005), can lead to exciting discoveries of new species. 
Their detection on the Abrolhos Islands represented 
a major addition to the herpetofauna of this remote 
archipelago, an area that had been regularly visited and 
collected for nearly 100 years. The description of A. 
clairae sp. nov. from the central west coast of Western 
Australia also adds to the exceptionally rich pygopodid 
fauna of the area (Maryan 2005) and based on 
current knowledge, this species most likely represents 
a localised endemic to the Geraldton Sandplains 
bioregion. 

As a consequence of the present study, the pygopodid 
gecko genus Aprasia now contains 10 species in 
Western Australia and reaches its maximum richness 
along the west coastal sandplains of the state. All 
species are long and slender and have a suite of 
remarkably conservative morphological features, as is 
necessitated by its strongly fossorial habit, thus making 
them notoriously difficult to distinguish on external 
characters. The A. repens species-group, originally 
defined by Storr et al. (1990), now comprises seven 
species of very similar appearance and that to most field 
biologists remain difficult to distinguish. However, the 
use of molecular techniques both herein and elsewhere 
(Jennings et al. 2003) has shown that there are clear 
and distinct genetic divergences among species. These 
techniques combined with our morphological studies 
have also demonstrated that the current diversity within 
the A. repens species-group is underestimated with 
additional new species. 

The examination of Aprasia specimens from the 
remote Wallabi Islands in the Houtman Abrolhos 
Archipelago and the Dongara coastline to the south 
showed that a cryptic taxon existed within the currently 
recognised A. repens that was clearly distinguishable 
molecularly from that species. This documentation 
of species on islands that also have restricted range 
conspecifics on the adjacent coastal mainland is known 
to occur in many reptile taxa, for example Ctenotus 
lancelini on the west coast (Maryan and Browne Cooper 
1994) and Ctenotus angusticeps in the Pilbara (Turpin 
and Ford 2011). These split island-mainland distributions 
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also provide support that populations isolated for up to 
8000 years still retain conspecific status with mainland 
counterparts, an observation documented frequently by 
genetic examination of several other vertebrate species 
with offshore islands and mainland distributions in 
Western Australia (e.g. Labrinidis et al. 1998; Pearson 
and Jones 2000; Cooper et al. 2003). As would be 
expected for island and mainland conspecifics that have 
been fully isolated for some time, genetic divergence is 
evident in A. clairae sp. nov., as it is in other Western 
Australian lizard species e.g. Ctenotus lancelini 
(Pearson and Jones 2000). 

The conservation significance of the present discovery 
is that a taxon with limited distribution on the mainland 
also has a unique population on East Wallabi Island 
in the Houtman Abrolhos. That island populations are 
generally under far less threat from anthropogenic 
disturbances than their mainland counterparts is well 
documented (Ford 1963; Burbidge and McKenzie 
1978; Bush et al. 2007; How et al. 2009; Doughty et 
al. 2012) and thus island populations become very 
significant conservation entities for future management. 
This is highly relevant to East Wallabi Island where 
a unique population exists on an island now under 
consideration for a major resort development (http:// 
www.mediastatements.wa.gov.au). The coastal areas of 
the south-west of Western Australia have been subject 
to increasing pressures since European settlement and, 
similar to other areas, the central west coast in recent 
times has become the focus of major developments 
for agriculture, mining, housing and tourism (How et 
al. 1987). This economic importance and continual 
environmental pressures exacerbates the fragmentation 
of the unique landforms and biodiversity of the region. 
Thus, the recognition of cryptic new species such as A. 
clairae sp. nov. and others (e.g. Kay and Keogh 2012) 
with localised distributions in coastal areas subject 
to high anthropogenic disturbances raises interesting 
conservation and management issues. 
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APPENDIX 

Comparative material examined for the six other species of Aprasia. All locations are from Western Australia (WAM 
prefixes omitted). *Also included in the allozyme study. A Allozyme study only. 

Aprasia fusca R110662 (male), Learmonth Air Weapons Range (22°25'04"S, 113°45'50 M E); R130221 (female), 8 
km N Exmouth (21°52 , 12"S, 114 o 07'01"E); R141583 (male), 2km W Bullara Homestead (22°40'20"S, 114°00'52"E); 
R141605 (male), 1 km S Gnaraloo Homestead (23°49'29"S, 113°31'32"E); R142359 (female), Yardie Creek (22 0 19'14"S, 
113°48'50"E); R151725-26 (female, male), 1.5 km W Bullara Homestead (22°41'S, 114°01'E); *R153828 (female), 2 
km NW Yardie Homestead Caravan Park (21°52'57"S, 114°00'16"E); R153829 (female), Bullara Station (22°53'26"S, 
113°55'25"E); R153830 (male), Bullara Station (22°43'35"S, 113°58'32"E). A R116651, A R116672, A R116882, A R116914, 
A R153827. 

Aprasia haroldi R66210-11 (female, male), R74952-53 (males), False Entrance Well (26°23'S, 113°19'E); R88697 
(female), False Entrance Well (26°23'10"S, 113°18'45 M E); R103982 (male), False Entrance Well (26°23'S, 113°19'E); 
R163614 (male), Dirk Hartog Island (25°43'51"S, 112°59'34 M E); R163615 (male), Dirk Hartog Island (25°41'17"S, 
113°00'4rE). A R135496. 

Aprasia pulchella A R80000, A R132803, A R135130-31. 

Aprasia repens R67443, R67445 (males), Balcatta (31°52'S, 115°50'E); R94638 (female), Boonanarring Nature 
Reserve (31°12'S, 115°52'E); R94693 (male), Bayswater (31°54'S, 115°55'E); R113115 (male), Maylands (31°56'S, 
115°54'E); R121983 (male), Bayswater (31°55'S, 115°52'E); R144211 (female), Hillarys (31°48'S, 115°45'E); R144255 
(male), Burns Beach (31°43'04"S, 115°45'59"E); R144621 (male), Burns Beach (31°42'57 M S, 115°45'57"E); R154006 
(male), Muchea Air Weapons Range (31°38'16"S, 115°55'31"E). A R113330, A R119919, A R137457, A R144612, A R151695- 
96, A R165961. 

Aprasia srnithi A R116574, A R116657. 

Aprasia striolata A R127524, A R127528. 
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ABSTRACT - The Australian gecko genus Diplodactylus is characterised by morphologically similar 
but genetically divergent lineages and taxa. Recent molecular analysis indicated the presence of 
an undescribed Diplodactylus from the Geraldton Sandplain on the western coast of Australia, and 
a relatively deep divergence between populations of D. polyophthalmus on the Swan Coastal Plain 
(around Perth) and the Darling Range (inland and south of Perth). Here we present a more detailed 
investigation of genetic and morphological variation among these forms. The two genetically divergent 
populations of D. polyophthalmus do not differ appreciably in morphology but differ in dorsal colouration 
and ecology. Since the lectotype of D. polyophthalmus was collected from 'Champion Bay' (near 
Geraldton) and is in agreement with specimens collected from there, we redescribe this species 
and restrict its range to the coastal sandplain from Perth to Eneabba. The Darling Range population, 
regarded as typical D. polyophthalmus since Storr's 1979 ressurrection, differs in that it is consistently 
darker with a rusty-brown colouration and occurs on hard surfaces such as laterite. As the lectotype of 
D. polyophthalmus refers to the coastal sandplain form, we describe the Darling Range form as a new 
species, D. lateroides sp. nov. Genetic and morphological evidence also confirmed the existance of a 
highly divergent lineage that forms a polytomy with D. capensis and D. granariensis. This lineage, here 
described as Diplodactylus nebulosus sp. nov., has a restricted range, occurring from near Geraldton 
in the north to Mt Lesueur ~200 km to the south. Like its close genetic relatives, the new species 
has enlarged labial and supranasal scales, making it relatively easy to distinguish from the regionally 
sympatric D. ornatus and D. polyophthalmus. The conservation status of some species of Diplodactylus 
in south-western Australia need to be carefully considered, especially southern populations of the 
redefined D. polyophthalmus. 


KEYWORDS: Darling Range, Diplodactylus lateroides sp. nov., Diplodactylus nebulosus sp. nov., 
Geraldton Sandplain, Swan Coastal Plain, taxonomy, Western Australia 


INTRODUCTION 

Diplodactylus Gray, 1832 is a genus of small and 
relatively generalised terrestrial Australian geckos, 
which currently includes 18 recognized species. Recent 
genetic work has revealed that species diversity within 
Diplodactylus had been significantly underestimated 
(Oliver et al. 2007a, 2009). Although five species of 
Diplodactylus have been described or resurrected from 
synonomy in as many years (Doughty et al. 2008, 2010; 
Hutchinson et al. 2009), our studies have identified a 
number of additional divergent genetic lineages, the 
taxonomic status of which requires further investigation. 


Two of the lineages requiring taxonomic attention 
identified by Oliver et al. (2009) are from the southern 
coastal sandplains of Western Australia, between the 
greater Perth region in the south and Shark Bay in the 
north. One of these, Diplodactylus ‘ Yetna’ is a divergent 
and apparently isolated lineage that was recognised 
as a ‘candidate species’, but which at the time was 
known only from Yetna, near Geraldton (approximately 
400 km north of Perth). In this same paper, samples 
assigned to the south-western endemic species D. 
polyophthalmus Gunther, 1867 included two divergent 
sister lineages. Oliver et al. (2009) did not recognise 
either of these lineages as candidate species, but noted 


urn:lsid:zoobank.org:pub:9E8A1 F4F-104F-4056-AC9B-6F18BF0264B8 
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that the genetic divergences between them were deep 
and required further investigation. One of these lineages 
was represented by a single individual from remnant 
Banksia woodland on the Swan Coastal Plain near Perth, 
whereas the other lineage was represented by a number 
of samples from the lateritic, stony environments on the 
Darling Range inland and south of Perth (Storr et al. 
1990; Bush et al. 2007, 2010). 

Here we assess the taxonomic status of these 
divergent lineages of Diplodactylus from south¬ 
western Australia. We have expanded sampling for 
the mitochondrial ND2 gene to include all avaliable 
localties from the region of interest and carried 
out a detailed morphological investigation of these 
populations, including examination of the lectotype 
of D. polyophthalmus housed at the Natural History 
Museum, London (BMNH). Based on the results of 
this work we present a revised taxonomy, including a 
redescription and redefinition of D. polyophthalmus and 
the description of two new Diplodactylus species. 

MATERIALS AND METHODS 

MOLECULAR GENETICS 

Genetic analyses included mitochondrial data 
from 55 Diplodactylus including exemplars from all 
populations from mid coastal Western Australia for 
which tissues samples were available, and additional 
Western Australian species which are known to be 
closely related, such as D. mitchelli and D. granariensis 
(Appendix 1). Diplodactylus calcicolus, D. ornatus and 
D. klugei were also included as more distant outgroups. 
New sequences generated in this study were aligned 
with data presented in Doughty et al. (2008) and Oliver 
et al. (2009) and available on GenBank. Previously 
unsampled tissues were extracted using a high 
throughput QIAxtractor robot (QIAGEN™) at Museum 
Victoria and the standard manufactorer protocol for 
tissue extractions. A 900-1200 bp region of the ND2 
gene and surrounding tRNAs was amplified using one 
of the following two combinations of primers: 1) AAG 
CTT TCG GGG CCC ATA CC (L4437; Macey et al. 
1997) and CTA AAA TRT TRC GGG ATC GAG GCC 
(Asn-tRNA; Read et al. 2001); or 2) GCC CAT ACC 
CCG AAA ATS TTG and TTA GGGTRG TTA TTT 
GHG AYA TKC G (Oliver et al. 2007). PCR products 
were amplified for 40 cycles at an annealing temperature 
of 55°C. Unpurified products were sent to a genetic 
services company (Macrogen, Korea) and sequenced 
in both directions using tradional Sanger Sequencing 
approachs. 

Our final alignment included 816 bp of data and was 
aligned using the MUSCLE algorithm (Edgar 2004) 
implemented in Geneious version 6.0.5 (Biomatters 
2012), and subsequently checked by eye. Our final 
alignment included a single three base pair deletion 
towards the 5’ end of the ND2 gene in D. mitchelli. 
Phylogenetic trees were computed using standard 
maximum Likelihood (RAxML v7.2.8; Stamakakis 
2006) analyses implemented on the CIPRES web portal 


version 3.1 for online phylogenetic analysis (www. 
phylo.org/portal2). Data were not partitioned by codon 
(e.g. first, second and third base positions) and analyses 
were run using the default settings for RAxML on the 
CIPRES portal; namely the GTRGAMMA model of 
sequence evolution and ceasing bootstrapping when 
MRE-bootstrapping criteria had been reached. 

MORPHOLOGICAL ASSESSMENT 

We examined all specimens of Diplodactylus from 
south-western Australia held in the Western Australian 
Museum, Perth (WAM). A subset of these were chosen 
to be measured based on quality, whether a tissue 
sample had been sequenced and geographic coverage 
(Appendix 2 and type lists in Systematics section). 
Table 1 presents the characters measured and their 
abbreviations. We measured 15 D. ornatus, 13 D. 
polyophthalmus, 19 D. lateroides sp. nov. and 21 D. 
nebulosus sp. nov. We compared these data to those 
of other Diplodactylus taxa reported in Doughty et al. 
(2008) and Hutchinson et al. (2009). We provide means, 
S.D. and ranges, and discuss qualitative differences 
among taxa in the Results and Systematics sections. 

RESULTS 

MOLECULAR GENETICS 

Genetic analyses identified three highly divergent 
lineages of Diplodactylus in the coastal area between 
Perth and Shark Bay. A summary of phylogenetic 
relationships is shown in Figure 1 and a summary of 
genetic distances data is given in Table 2. Of the three 
lineages identified in the region, one is clearly referable 
to D. ornatus, a well characterised species that has been 
the focus of recent phylogeographic study with a range 
that extends from Jurien Bay in the south to the North 
West Cape (Storr et al. 1990; Edwards et al. 2012). 

The second lineage from the region of interest 
included the single sample of Diplodactylus ‘Yetna’ 
sampled by Oliver et al. (2009), plus additional 
specimens from the Moresby Range just to the north, 
and a more distant population from the Mt Lesueur 
area to the south. The mean uncorrected mitochondrial 
sequence divergence between these two areas was 3.8%. 
This lineage lies within a well supported group in which 
D. mitchelli is the sister to an unresolved trichotomy 
that includes Diplodactylus ‘Yetna’, D. capensis and 
D. granariensis. The mean genetic distances between 
Diplodactylus ‘Yetna’ and these two recognised taxa 
were 8.4% and 8.5%, respectively. 

The third lineage from the region included two 
specimens referred to D. polyophthalmus from a single 
locality on the Swan Coastal Plain in the northern 
suburbs of Perth. This lineage is sister to samples from 
throughout the Darling Range and associated areas 
of the south-west that are also currently referred to 
D. polyophthalmus. The relative genetic uniformity 
of the better-sampled and widespread Darling Range 
‘polyophthalmus’ clade (mean uncorrected difference 
of 1.5% over a range of >200 km ) differs markedly 
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TABLE 1 Morphological characters measured in this study. 

Character Description 

SVL Snout-vent length 

TrunkL Trunk length: from axilla to groin 

TailL Tail length: from cloaca to tip (unbroken tails only) 

TailW Tail width: at widest point (unbroken tails only) 

HeadL Head length: measured obliquely from tip of snout to angle of lower jaw (retroarticular process) 

HeadW Head width: measured at the widest point 

HeadD Head depth: measured behind eyes on top of head 

RadL Radius length: from elbow to base of hand 

TibL Tibia length: from knee to base of foot 

IO Inter-orbital distance: measured at anterior of eye socket 

NarEye Nare-eye distance: from posterior edge of nare to anterior corner of eye socket 

IntNar Internarial distance: from inner edges of nostrils 

RosCre Proportion of crease relative to height of rostral scale 

No. PN Number of postnasal scales 

MentL Mental length: measured obliquely from mouth to posterior edge of scale 

MentW Mental width: measured at anterior edge along mouth 

SNas Proportion of supranasals in contact (0 - not in contact; 1 - full contact) 

SupLab Number of supralabial scales 

InfLab Number of infralabial scales 

4FLam Number of enlarged rows of subdigial lamellae under fourth finger 

4TLam Number of enlarged rows of subdigial lamellae under fourth toe 

No. SC Number of supracaudal scales, from first scale of tail (defined by transition from rounded dorsal 

scale to rectangular scale at fracture plane) to tail tip (unbroken tails only) 


TABLE 2 Uncorrected ND2 sequence divergences between seven species of Diplodactylus known from south-western 
Australia. Mean intraspecific divergence values for each species are shown in bold. 
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1 D. calcicolus 

0.063 







2 D. capensis 

0.154 

0.001 






3 D. granariensis 

0.135 

0.083 

0.023 





4 D. ornatus 

0.146 

0.156 

0.142 

0.053 




5 D. polyophthalmus 

0.154 

0.173 

0.163 

0.153 

0.015 



6 D. lateroides sp. nov. 

0.152 

0.181 

0.166 

0.16 

0.085 

0.003 


7 D. nebulosus sp. nov. 

0.144 

0.084 

0.085 

0.145 

0.165 

0.173 

0.021 
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from the deep genetic split between this population and 
samples from localities on the Swan Coastal Plain (mean 
genetic divergence 8.5%, despite occuring within 20 km 
of each other in the Perth region). 

MORPHOLOGICAL ASSESSMENT 

Table 3 presents the morphological comparisons 
among taxa measured here. There were few 
morphological differences among the genetically 
distinctive lineages, however, various combinations of 
labial scalation and colouration were diagnostic. Along 
the coastal plain, the ‘Yetna’ lineages are diagnosable 
by the possession of tall labial scales (scales roughly 


as tall as wide), a character shared by the related but 
geographically distant D. capensis, D. granariensis and 
D. mitchelli. Other characters that differed between the 
‘Yetna’ lineage and the other three taxa measured were 
greater contact of the supranasals (SNas) and fewer 
clocal spurs in males. Populations of D. polyophthalmus 
from the Swan Coastal plain and Darling Range showed 
no conspicuous differences in body size and shape, 
or scalation on the head or digits (characters typically 
useful for distinguishing gecko species) other than 
slightly more numerous postnasals (Table 3). 

Dorsal colouration and pattern differed consistently 
among all major lineages (Figures 2, 4). The ‘Yetna’ 
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FIGURE 1 Maximum likelihood phylogeny for Diplodactylus species found in south-west and coastal Western Australia 
estimated using 816 base pairs of the mitochondrial ND2 gene. 
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FIGURE 2 Photographs in life of Diplodactylus from Western Australia treated here. Top row - Diplodactylus 

polyophthalmus (left: Cataby - S. Cherriman; right: Dianella - B. Maryan); middle row - D. lateroides sp. nov. 
(left: Mt Dale - B. Maryan; right: Harvey - R Doughty); bottom row - D. nebulosus sp. nov. (Morseby Range - 
B. Maryan). 


taxon differed from all geographically proximate 
congeners ( D. ornatus, D. polyophthalmus and D. 
pulcher further inland) in possessing an irregular cloud¬ 
like series of pale blotches that covered nearly the entire 
dorsum. This taxon is also unique within Diplodactylus 
by usually having a short transverse row of fine white 
spots within the blotches. 

Differences in dorsal colouration and pattern between 
the two ‘Z>. polyophthalmus ’ populations were also 
apparent: individuals from the coastal plain were a 
pale brownish-grey, whereas individuals from the 
Darling Range possessed a rusty-brown hue over the 
body (Figure 2). This difference was less apparent in 
preserved specimens owing to the leaching of colours 
in ethanol. A subtle difference in the pattern was 
also discernible, with coastal sandplain populations 
possessing more contrasting spots on the dorsum 
and lateral surfaces, in contrast to the Darling Range 


population where the spots are not as clear, especially on 
the sides (Figures 2, 4-6). 

TAXONOMIC CONCLUSIONS 

Based on the consistent morphological, colour and 
pattern differences and the genetic data presented here, 
we conclude the ‘Yetna’ taxon is taxonomically distinct 
from D. capensis and D. granariensis and describe it 
as a new species. In Storr’s (1979) revision of the D. 
vittatus species-group, he designated 11 specimens 
of this new taxon as paratypes of D. granariensis 
(Appendix 3). He commented that ‘the vertebral stripe 
is deeply sinuous or broken into blotches’ (p. 400), but 
that these specimens otherwise agreed with northern 
D. granariensis. Storr (1979) made significant progress 
in his revision by splitting off three species from D. 
vittatus, but lacked sufficient material to fully resolve 
the species-group at the time. 
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The two populations of D. polyophthalmus are similar 
in overall size, appearance and scalation (Table 3). They 
differ, however, in several aspects. As noted above there 
are consistent differences in colouration and to a lesser 
extent pattern (Figure 2). The two populations also occur 


in largely different habitats. The north coast individuals 
have been collected from sandy substrates such as in 
Banksia woodlands and sandplains. In contrast, the 
Darling Range populations occur on stony soils, usually 
laterite. In addition to these differences in appearance 




FIGURE 3 Distribution maps of Diplodactylus occuring in far south-western Australia. A) D. nebulosus sp. nov. - white squares, 
D. granariensis - black squares. B) D. polyophthalmus - black circles, D. lateroides sp. nov. - white circles. White 
circles with a black dot represent Geraldton (upper left), Perth (lower left) and Esperance (lower right). 
















52 


P. DOUGHTY AND P.M. OLIVER 


and habitat preference, the genetic data indicates that 
populations from these two areas have a long history of 
isolation. Although we only had tissue samples of the 
coastal lineage from Perth, they differed by an average 
mitochondrial sequence divergence of 8.5% from all 
material collected from the Darling Range (Table 2). 

The lectotype of D. polyophthalmus and its collection 
data were examined to resolve the application of the 
name to the correct population of Diplodactylus from 
the western coastal plain. Kluge (1967) examined the 
two syntypes from the original description and chose as 
lectotype BMNH 67.2.19.16 collected from ‘Champion 
Bay’ (near Geraldton) by F.H. DuBoulay. Kluge 
designated as paralectotype BMNH 67.2.19.51, collected 
from ‘Nickol Bay’ (= Karratha in the Pilbara region); 
this specimen corresponds to Lucasium stenodactylum 
Boulenger (= L. woodwardi Fry, currently in synonomy 
of L. stenodactylum ; Pepper et al. 2006, unpublished 
data). The lectotype of D. polyophthalmus (Figure 5) is 
distinguished from the other lineages of Diplodactylus 
which occur in the Geraldton area. The low labial and 
supranasal scales of this specimen distinguish it from 
the ‘Yetna’ lineage which has tall labial and supranasal 
scales, and the scattered spots on the body distinguish 
it from D. ornatus which has a clearly-defined vertebral 
stripe. 

Given the lack of morphological differentiation 
between the two genetic sister lineages of D. 
‘polyophthalmus’ populations and the loss of colour in 
ethanol (the main distinguishing morphological feature), 
we consider here the collection location of the lectotype 
of D. polyophthalmus in assigning it to either of the 
sister lineages formerly under this species (based on 
correspondance with G.M. Shea, Univeristy of Sydney). 
Francis H. DeBoulay was an avid amateur entomologist 
based at Minnannooka (or Minnenooka) Station from 
around 1857 until 1872, when he left permanently for 
Victoria to pursue a career in the concertina. The station 
was approximately 30 km west-south-west of Geraldton, 
where ‘Champion Bay’ is located. Examination of the 
list of DeBoulay’s collections (>80 specimens) donated 
to the BMNH indicates many reptile and frog species 
typical of the Western Australian mid-west, with the 
odd specimen from the Pilbara and Kimberley regions 
(likely donated to him by other early explorers). 
Although some of these species’ ranges also extend 
to south-western Australia (i.e. south of Perth), none 
are true south-western endemics. The sandplain 
population of D. polyophthalmus occurs as close as 
120 km south of Minnannooka Station, close enough 
to be within the broad environs that DeBoulay would 
have explored while collecting invertebrates and the 
occasional vertebrate. We therefore conclude that the 
lectotype specimen was most likely collected from 
the coastal sandplain population, and apply the name 
D. polyophthalmus to this lineage. This action results 
in the Darling Range population lacking an available 
name, despite this form being considered to be typical 
D. polyophthalmus in the previous work of Kluge (1967), 
King (1977) and Storr (1979) and illustrated in most field 
guides (e.g. Storr 1990; Cogger 2000; Wilson & Swan 


2011; but see Bush et al. 2007, 2010 for photographs of 
both forms). Therefore, we describe this taxon as a new 
species, D. lateroides sp. nov. 

SYSTEMATICS 

Genus Diplodactylus Gray, 1832 

TYPE SPECIES 

Diplodactylus vittatus Gray, 1832, by monotypy. 

DIAGNOSIS 

A genus of Diplodactylidae (sensu Han et al. 2004) 
characterized by robust habitus, wide scansors, short 
(<80% SVL) stout tails, absence of precloacal pores, 
numerous (typically >5) clocal spurs, two pairs of 
cloacal bones and anteriorly enlarged jugal bone 
entering floor of lacrimal foramen (Oliver et al. 2007a). 

Diplodactylus polyophthalmus Gunther, 1867 

Spotted Sandplain Gecko 

Figures 2, 4, 5 

Lectotype 

Australia: Western Australia : BMNH 67.2.19.16 
from Champion Bay; designation by Kluge (1967). 

DIAGNOSIS 

A relatively small Diplodactylus characterised 
by flat, triangular head with low labial scales, first 
supralabial taller than second, rostral in contact with 
nostril, supranasals wider than tall and separated by 
an internasal in point or narrow contact, >5 postnasals, 
mental and infralabials similar in length, dorsal scales 
small and similar in size to ventrals, and short and 
cylindrical tail. Dorsum ground colouration brownish- 
grey with weakly-defined pale light brown spots 
often connecting to form irregular larger blotches and 
occasionally a weakly-defined vertebral stripe. 

MEASUREMENTS OF LECTOTYPE 

All measurements in mm. SVL - 46.5; TrunkL - 21.5; 
TailL - 27.5; TailW - 6.8; ArmL - 6.5; LegL - 8.2; 
HeadL - 12.2; HeadW - 9.8; HeadD - 6.2; IO - 4.8; 
NarEye - 3.5; Internar - 1.7; RosCre - 0.39; PostNas - 
8; MentalL - 1.2; MentalW - 1.5; SupNas - 0 (= not in 
contact); SupLab - 12; InfLab - 11; CSpurs - 5; 4FLam 
-8; FTLam-8; No. SC-81. 

DESCRIPTION 

A small (to SVL 54 mm) Diplodactylus with a slight 
build and small flattened head; arms and legs slender 
and of moderate length; head moderately wide (HeadW/ 
HeadL - mean = 0.70 and deep (HeadD/HeadL - 0.46); 
snout triangular when viewed dorsally but rounded in 
profile at tip; adductor muscles of jaw moderate; eyes 
moderately large, usually not protruding above top of 
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FIGURE 4 Preserved specimens showing variation in dorsal patterning. Top row - Diplodactylus polyophthalmus) 
middle row - D. lateroides sp. nov.; bottom row - D. nebulosus sp. nov. Scale bar = 1 cm. 
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FIGURE 5 Lectotype of Diplodactylus polyophthalmus Gunther (BMNH 672.19.16). 


head; 2-5 spinose scales towards the posterior edge of 
eyelid margin. 

Usually 11 (range: 9-13) upper and lower labial 
scales; nostril in contact with rostral, 2 supranasals, 5-8 
postnasals and first labial; first labial taller than second, 
sloping posteriorly; rostral crease extending from one- 
fifth to two-thirds down from top of scale; nostrils 
separated by 2 lower supranasals that are wider than 
tall (supranasals usually separated by 1 or 2 internasals 
or in point or narrow contact) and 7-10 smaller, upper 
supranasals; mental scale triangular with straight sides 
and with pointed or blunt posterior edge, slightly wider 
than long; gular scale rows adjacent to infralabials slightly 
enlarged (in comparison to other gulars) and reducing to 
fine scales in central gular region. 

Scales on dorsum and venter small and similar in 
size, dorsal scales conical with rounded apex directed 
posteriorly, ventral scales flattened; crown of head, 
gular region and limbs with small granular scales; 
proximal subdigital lamellae usually circular and paired 
(occasionally single and transversely oblong); distal 
lamellae singular and circular or occasionally transversely 
oblong; 6-8 rows of subdigital lamellae on fourth finger 
and 7-10 on fourth toe; paired moderately enlarged 
terminal pads on either side of claw; plantar surface of 
manus and pes covered in protruding rounded scales. 


Mature males with 5-11 sharp cloacal spurs with 
acute tips, females with enlarged rounded scales instead 
of cloacal spurs. Tail short (TailL%SVL - 66.3), ranging 
from thin to moderately thick, covered by rectangular 
rows of scales much larger than those on dorsum. 

Colouration 

In life, ground pattern of dorsal surfaces to latero- 
ventral edge light brownish-grey, heavily stippled with 
darker flecks; poorly defined (lacking dark border) 
pale off-white irregular blotches on dorsum, usually 
forming a weak vertebral stripe or chain of blotches; 
smaller light blotches in upper lateral zone to either side 
of vertebral stripe or chain; on flanks, pale white small 
blotches or spots; on head, vertebral stripe bifurcating 
and extending to eyes to form weakly-defined fork, 
bordered below by a diffuse dark temporal stripe 
posterior to eye; anterior to eye a dark loreal stripe; 
top of snout darkly pigmented, bordered below by pale 
canthal stripe; labial scales pale white with moderately 
dense small dark spots; upper surface of limbs same 
ground colour of dorsum and with small off-white spots 
as for flanks; venter and ventral surfaces of limbs and 
tail pale creamy white; original tails with an irregular 
pale off-white medial stripe or chain of blotches as for 
dorsum; regenerated tails with light grey background 
colour and scattered dark flecks. In preservative, ground 
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colour darker brown with fine stippling lost. 

HABITAT AND REPRODUCTION 

All specimens for which there is location or collection 
data indicate this species prefers sandy substrates, 
especially Banksia and Eucalypt woodlands, but 
woodlands also including Jarrah, Marri and Tuart trees 
as well (B. Maryan, W.B. Jennings, pers. comm.). A 
female collected in October (WAM R15244) had two 
enlarged follicles (7.6 x 4.9 mm, 7.0 x 5.2 mm). 

ETYMOLOGY 

The specific name polyophthalmus means ‘many eyes’ 
in Latin, in reference to the spots on the dorsum that 
resemble eyes. 

DISTRIBUTION 

Diplodactylus polyophthalmus is restricted to 
the coastal and adjacent inland colluvial sandplains 
(associated with sandstone and laterite) north of the 
Swan River, with collection records from two widely- 
separated areas (Figure 3). Records from the Perth 
region include Thornlie in the Canning River catchment 
area, King’s Park, East Victoria Park and Dianella just 
north of the Swan River, and extending through to 
Duncraig, Wanneroo, Woodvale and Yanchep National 
Park. The second cluster of loaclities begins near 
Cataby, 100 km north of Yanchep, and there are more 
recent specimens that have been collected from Lesueur 
and Badgingarra National Parks, with the most northern 
record from Eneabba (WAM R78106), 230 km north of 
Perth. All known records are from the Swan Coastal 
Plain and the adjacent inland quartz sandplains derived 
from sandstone and laterite, with records inland as far 
as 30 km (Cataby, Eneabba) and 40 km (Badgingarra). 
Most of the northern population specimens are from 
the inland sandplain, but with a record near Padbury 
Station 6 km from the coast. It is not known whether the 
disjunct distribution of the two populations represents 
a true absence of the species, lack of survey effort or 
recent extirpation of populations owing to land clearing. 
Further survey work is required in intervening regions. 

COMPARISONS WITH OTHER SPECIES 

Diplodactylus polyophthalmus can be differentiatied 
from all other Diplodactylus as follows; from D. 
conspicillatus, D. galaxias, D. kenneallyi, D. klugei, D. 
pulcher and D. savagei in having nostrils in contact with 
rostral scale (v. widely excluded), large labial scales (v. 
labials similar in size to adjacent scales or only slightly 
enlarged) and mental not longer than infralabials; 
from D. mitchelli in having dorsals approximately 
the same size as ventrals (v. dorsal much larger than 
ventrals), smaller adult body size (mean SVL: 49 v. 
65 mm) and different appearance (D. mitchelli has 
a wide, dorsoventrally compressed head and long 
limbs); from D. calcicolus, D. capensis, D. furcosus, D. 
granariensis, D. vittatus and D. wiru by labial scales 
much wider than high (v. width and height similar); 
from D. fulleri and D. tessellatus by possessing a 


vertebral zone of blotches (v. at most diffuse streaks and 
scattered markings on dorsum); from D. furcosus and 
D. galeatus by lacking dark borders around blotches; 
from the sympatric D. ornatus by scattered spots on 
dorsum (v. clearly-demarcated vertebral stripe); and 
from the similar, closely-related D. lateroides sp. nov. by 
possessing brownish-grey pigmentation (v. rusty-brown 
colouration) and more conspicuous spots on dorsum and 
flanks. 

CONSERVATION 

Diplodactylus polyophthalmus as it is redefined is 
restricted to the coastal sandplain in two widely-separated 
areas. The southern population is only know from from 
scattered locations north of the Swan River within the 
city of Perth (population 1.8 million). Populations in 
Perth are largely extirpated by urban development owing 
to clearing of habitat for housing and industry. How and 
Dell (2000) found that although D. polyophthalmus was 
once widespread on the Swan Coastal Plain, by the mid- 
1990s they only occurred on 5 of nearly 40 bushland 
remants they examined. Survey work in the last five years 
has failed to detect any further specimens from these 
remnants (R. How, pers. comm.). We consider the Perth 
population to be threatened and at risk of being extirpated 
in the near future. The large parks and reserves within the 
Perth footprint are important refugia for many species, 
yet they are isolated and can be subject to frequent 
bushfires. The conservation outlook in the northern area 
is more optimistic, as some of the distribution is included 
in reserves and national parks that may be less subject to 
frequent fires. 

Diplodactylus lateroides sp. nov. 

Speckled Stone Gecko 

Figures 2, 4, 6 

urn:lsid:zoobank.org:act:026E9484-19E2-4F5D-9AFC- 

CBDA8DA5FA55 

Holotype 

Australia: Western Australia : *WAM R156613, 
an adult male collected from Mount Dale (32.13°S; 
116.30°E) on 4 June 2005 by B. Maryan and P. Orange. 

Paratypes 

Australia: Western Australia : *WAM R117867 
(male), Byford (32.217°S; 116.000°E); WAM R121167 
(male), Cooliabberra Spring (32.18°S; 116.03°E); WAM 
R135539 (female), Kingston State Forest (34.0742°S; 
116.3286°E); WAM R154719 (male), Dwellingup area 
(32.7041°S; 116.1103°E); *WAM R156612 (female), as for 
holotype. 

DIAGNOSIS 

A relatively small Diplodactylus characterised 
by flat, triangular head with low labial scales, first 
supralabial taller than second, rostral in contact with 
nostril, supranasals usually slightly wider than tall 
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and seperated by internasals or in short contact, 3-6 
postnasals, mental similar in length to infralabials, 
small and similarly sized dorsal and ventral scales and 
short cylindrical tail. Dorsum with dark-brownish black 
ground colouration with scattered irregularly shaped and 
sized lighter blotches, interior of blotches with rusty- 
brown colouration with paler centres; dorsal blotches 
usually connecting to form a weakly-defined irregular 
vertebral stripe or broken series along midline. 

MEASUREMENTS OF HOLOTYPE 

All measurements in mm. SVL - 47.0; TrunkL - 19.8; 
ArmL - 6.7; LegL - 7.8; HeadL - 12.0; HeadW - 9.0; 
HeadD - 5.1; IO - 4.6; NarEye - 3.4; Internar - 1.8; 
Rost 0.33; PostNas - 3; MentalL - 1.4; MentalW - 1.4; 
SupNas - 0 (= not in contact); SupLab - 12; InfLab - 11; 
CSpurs - 11.5; 4FLam - 6; FTLam - 10. 

DESCRIPTION 

A small (to 51 mm SVF) Diplodactylus with a slight 
build and small flattened head; arms and legs slender 
and of moderate length; head moderately wide (HeadW/ 
HeadF - mean=0.70) and deep (HeadD/HeadF - 0.44); 
snout in dorsal view triangular when viewed dorsally, 
rounded at tip; adductor muscles of jaw moderate; eyes 
moderately large, usually not protruding above top of 
head; 2-5 spinose scales towards the posterior fold of 
the eyelid margin. 


Supralabials usually 11 or 12 (range: 9-12); infra¬ 
labials 10 or 11 (9-11); nostril surrounded by rostral, 2 
supranasals, 3-6 postnasals and first supralabial; first 
supralabial slightly taller or equal in height to second; 
rostral crease extending from one-fifth to three-quarters 
down from top of scale; nostrils separated by 2 lower 
supranasals that are not taller than wide (supranasals 
usually in point contact or separated by internasals) and 
5-9 smaller, upper supranasals; mental scale triangular 
with blunt or flat posterior edge (usually straight-sided), 
slightly wider than long; gular scale rows adjacent to 
infralabials only slightly enlarged and reducing to fine 
scales in central gular region. 

Scales on dorsum similar in size to those on venter, 
but more rounded (v. flattened); crown of head, gular 
region and limbs with small granular scales; proximal 
subdigital lamellae usually circular and paired; distal 
lamellae circular to transversely oblong; from 5-8 rows 
of subdigital lamellae on fourth finger and 8-10 under 
fourth toe; two moderately enlarged apical pads to either 
side of claw; protruding rounded scales cover plantar 
surface of manus and pes. 

Males with 7-11.5 cloacal spurs with acute tips, 
females with enlarged rounded scales; tail short 
(Tail%SVF - 57.5), cylindrical with a slight constriction 
near the base, ranging from thin to moderately thick, 
covered by rows of rectangular scales much larger than 
those on dorsum. 



FIGURE 6 Holotype of Diplodactylus lateroides sp. nov. (WAM R156613). Scale bar = 1 cm. 
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Colouration 

In life, ground pattern of dorsal surfaces to latero- 
ventral edge dark brownish-grey heavily stippled with 
black flecks, extending to latero-ventral edge; lighter, 
poorly defined (lacking dark border) irregular blotches 
extend along dorsum, usually connecting to form 
vertebral stripe or chain of blotches; blotches consist 
of a rusty-brown band of colouration enclosing a pale 
off-white central region; smaller blotches in upper 
lateral zone to either side of vertebral stripe also with 
rusty-brown interior layer; flanks with small pale white 
blotches or spots with less conspicuous rusty-brown 
internal toning; crown of head rusty-brown with dark 
markings, a poorly-defined dark temporal stripe extends 
anteriorly past eye as dark loreal stripe, slightly paler 
stripes above along canthal ridge; labial scales pale but 
moderately darkly pigmented; ground colour of upper 
surface of limbs same as dorsum with small paler spots 
as for flanks; ventral surfaces a pale creamy white; 
original tails with an irregular median pale stripe or 
chain of blotches as for dorsum; regenerated tails are 
light grey with scattered dark brownish-black markings. 
In preservative, ground colour dark brown and the fine 
stippling is lost. 

HABITAT AND REPRODUCTION 

Specimens for which habitat, vegetation or substrate 
details are noted indicate an association with Jarrah, 
Marri or Wandoo open Eucalyptus woodlands on 
hard stony surfaces, usually lateritic ridges or granite 
outcrops in the Darling Range. Individuals have been 
collected while sheltering under exfoliated granite or 
laterite rocks and under fallen timber, or from pit-traps 
in gullies. 

Bush et al. (2010) report females (as D. polyoph¬ 
thalmus) laying two eggs measuring 15x7 mm. 

ETYMOLOGY 

The specific name laterioides means ‘resembles 
laterite’ in Latin, in reference to the similarity of the 
colour pattern of many individuals of this species to the 
lateritic surfaces on which they occur (Figure 2). 

DISTRIBUTION 

Diplodactylus lateroides sp. nov. occurs on the Darling 
Range inland and largely south of Perth (Figure 4). There 
are two old records from the Stirling Range: WAM R1995 
collected around 1927, and a karyotyped individual 
mentioned in King (1977) (whereabouts unknown). 
However, a recent search for this species in the Stirlings 
resulted in the collection of several more specimens. 

COMPARISONS WITH OTHER SPECIES 

Diplodactylus lateroides sp. nov. can be differentiatied 
from all other Diplodactylus as follows; from D. 
conspicillatus, D. galaxias, D. kenneallyi, D. klugei, 
D. pulcher and D. savagei in having nostrils in contact 
with rostral scale (v. widely excluded), large labial scales 
(v. labials similar to adjacent scales) and mental not 
longer than adjacent infralabials; from D. mitchelli in 


having dorsals approximately the same size as ventrals 
(v. dorsal much larger than ventrals), smaller adult body 
size (mean SVL: 46 v. 65 mm), different shape (D. 
mitchelli has a wide, dorsoventrally compressed head 
and long limbs); from D. calcicolus, D. capensis, D. 
furcosus, D. granariensis, D. vittatus and D. wiru by 
labial scales wider than tall (v. approximately square); 
from D. fulleri and D. tessellatus by possessing a 
vertebral zone of blotches (v. at most diffuse streaks and 
scattered markings on dorsum); from D. furcosus and D. 
galeatus by lacking dark brown borders around dorsal 
and lateral blotches; from the sympatric D. ornatus 
by scattered spots on dorsum (v. clearly-demarcated 
vertebral stripe); and from the similar, closely-related D. 
polyophthalmus by possessing dark rusty-brown (v. pale 
brownish-grey) colouration with less contrasting spots 
on the dorsum and flanks. 

CONSERVATION 

Diplodactylus lateroides sp. nov. is broadly distributed 
in the Darling Range, a series of low rugged ranges that 
occur near Perth and extend south and inland in south¬ 
western Australia (Figure 3). The Stirling Range is a 
likely outlying population, but further survey effort is 
required to confirm its occurrence there and assess any 
populational variation. We believe this species is more 
secure than D. polyophthalmus owing to relatively less 
land-clearing on the poor agricultural land and rugged 
terrain where it occurs, and the presence of many 
national parks within its range. 

Diplodactylus nebulosus sp. nov. 

Cloudy Stone Gecko 

Figures 2, 4, 7 

urn:lsid:zoobank.org:act:D1097213-D1 DC-433C-A3B5- 
E31CAD78A405 

Holotype 

Australia: Western Australia : *WAM R168639, an 
adult male collected from Moresby Range (28.6275°S; 
114.6703°E) on 16 June 2009 by B. Maryan and D. 
Algaba. 

Paratypes 

Australia: Western Australia: WAM R61318 (male), 
20 km east of Green Head (30.066°S; 115.167°E); 
WAM R100225 (male), ~7 km north-east of Mt Lesueur 
(30.13°S; 115.25°E); *WAM R119081 (male), Yetna 
(28.62°S; 114.7°E); WAM R128545 (male) and WAM 
R128551 (female), Lesueur National Park (30.0938°S; 
115.1789°E); *WAM R166718 (female), Mt Lesueur 
(30.1619°S; 115.1992°E); *WAM R168638 (female), 
as for holotype; *WAM R168640 (female), Moresby 
Range (28.6194°S; 114.6700°E); *WAM R168641 (male), 
Moresby Range (28.6163°S; 114.6619°E). 

DIAGNOSIS 

A medium-sized Diplodactylus characterised by 
stout head with tall labial scales (as tall as wide), <5 
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FIGURE 7 Holotype of Diplodactylus nebulosus sp. nov. (WAM R168639). Scale bar = 1 cm. 


postnasals, mental similar size to adjacent infralabials, 
first supralabial equal or slightly taller than second, 
rostral in contact with nostril, dorsal scales only slightly 
larger than ventral scales, and tail long, cylindrical and 
tapering to a fine point. Dorsal ground colour light to 
dark brown with a series of large irregular pale blotches 
along midline, blotches usually containing a short 
transverse row of fine pale spots. 

MEASUREMENTS OF HOLOTYPE 

All measurements in mm. SVL - 45.5; TrunkL - 17.8; 
TailL - 36.0; TailW - 6.5; ArmL - 8.0; LegL - 10.3; 
HeadL - 13.6; HeadW - 9.5; HeadD - 7.0; IO - 5.1; 
NarEye - 3.9; Internar - 1.6; Rost - 0.25; PostNas - 3; 
MentalL - 1.5; MentalW - 1.2; SupNas - 1 (= full 
contact); SupLab - 11; InfLab - 9; CSpurs - 5; 4FLam - 
7; FTLam-9; No. SC-77. 

DESCRIPTION 

A medium-sized (to 56 mm SVF) Diplodactylus with 
a moderate build and medium-large head; arms and 
legs slender and of moderate length; head moderately 
wide (HeadW/HeadF - mean = 0.69) and deep 
(HeadD/HeadF - 0.46); snout triangular when viewed 
dorsally, rounded in profile at tip; adductor muscles 
of jaw prominent; eyes moderately large and slightly 
protruding above top of head; ~5 spinose scales towards 
the posterior fold of the eyelid margin. 

Usually 11 or 12 (range: 9-13) upper and lower labial 
scales; nostril surrounded by rostral, 2 supranasals, 
2-5 postnasals and first supralabial; first supralabial 


slightly taller or equal in height to second; rostral 
crease extending from one-quarter to two-thirds 
down from top of scale; nostrils separated by 2 
lower supranasals in broad contact and 4-6 smaller, 
upper supranasals; mental scale sharply triangular or 
lanceolate, approximately as long as wide; gular scale 
rows adjacent to infralabials slightly enlarged, reducing 
to fine scales in central gular region. 

Scales on dorsum slightly larger than on venter; 
ventral and chin scales flatter than scales on head, 
dorsum and tail which are more rounded; head scales 
smaller and more rounded than dorsal scales; limbs with 
small granular scales; subdigital lamellae circular or 
rarely tranversely oblong, flanked by slightly smaller, 
rounded scales to either side usually 6-7 (range: 5-8) 
unbroken subdigital lamellae on fourth finger and 8-9 
(8-10) under fourth toe; two enlarged apical pads to 
either side of claw; protruding rounded scales cover 
plantar surface of manus and pes. 

Males have 5-6 spinose scales (cloacal spurs) 
arranged in 1-2 rows; females have rounded scales 
where the male spurs occur; tail moderately thick and 
long (TailF%SVF - 65.9); cylindrical with a slight 
constriction near the base, covered by regular rows of 
rectangular scales much larger than those on dorsum. 

Colouration 

In life, ground colouration on upper surfaces, sides 
and limbs heavily stippled dark brownish-grey; the 
vertebral zone has a series of large pale blotches that 
either join to form a continuous stripe with a wavy 
highly irregular border, or form a series of isolated 
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blotches; inside each dorsal blotch there tends to be a 
transverse row of fine white spots; the vertebral stripe 
or blotches continue anteriorly to the nape and form a 
pale cap or two broad pale streaks to the eyes; below this 
and above the pale upper labials a dark temporal streak 
extends through the ventral portion of eye, continuing 
anterior to eye as a dark loreal stripe; on flanks a row of 
irregular pale spots blotches separated from vertebral 
blotches, occasionally containing fine white spots; limbs 
same ground colour as dorsum with smaller white spots 
or blotches; ventral surface and the lower flanks creamy 
white; original tails with dorsal vertebral blotches 
extending length of tail; regenerated tails grey with 
dark stippling and lacking the patterns and blotches of 
original tails. In preservative, the original pattern is 
largely retained, but overall hue is a dark brown and the 
transverse row of fine white spots is often not apparent. 

HABITAT AND REPRODUCTION 

Most collection data indicate a preference for 
Eucalypt and Wandoo woodlands on harder surfaces, 
such as rocky ridges, sandstone outcrops and lateritic 
breakaways. Some have also been observed on softer 
substrates such as sandplains and clay soils (B. Jennings, 
pers. comm.). Many individuals were collected under 
rocks or fallen timber during the day (A. Desmond, 
B. Jennings, B. Maryan, pers. comm.). Examining 
records from the survey of Cockleshell Gully (Dell 
and Chapman 1977) indicated that D. nebulosus sp. 
nov. specimens were collected to the east of Mt Peron, 
whereas both D. ornatus and D. polyophthalmus were 
found on softer substrates, including the Spearwood 
Dunes towards the coast. 

No females examined were gravid, but reproduction 
should be similar to other Diplodactylus. 

ETYMOLOGY 

nebulosus is derived from the Latin nebula, meaning 
‘cloud’, owing to the large irregular blotches on the 
dorsum that resemble billowing clouds. Used as a noun 
in apposition. 

DISTRIBUTION 

Diplodactylus nebulosus sp. nov. is restricted to the 
southern portion of the western coast of Australia. 
It occurs on harder substrates inland of the coastal 
sandplain. There are two main areas of distribution, 
with a large intervening area of approximately 160 km 
where no individuals have been collected (Figure 3). The 
southern collection area includes Lesueur National Park 
(Burbidge et al. 1990), and records 20-30 km inland of 
Jurien and Green Head. The northern collection area 
is near Geraldton and includes Yetna, Moresby Range 
and Howatharra Nature Reserve, with the northernmost 
records from near the mouth of the Lower Hutt 
River. The linear distance between the southern and 
northernmost records is about 240 km. The moderate 
genetic divergence between these two collecting areas 


(-3.8%) suggests these populations have a history of 
isolation and that the observed disjunction may represent 
a true absence. 

COMPARISONS WITH OTHER SPECIES 

Diplodactylus nebulosus sp. nov. differs from D. 
conspicillatus, D. galaxias, D. kenneallyi, D. klugei, 
D. pulcher and D. savagei by nostrils in contact with 
rostral scale, enlarged labial scales, longer tail, and 
mental not longer than infralabials; from D. mitchelli by 
dorsals approximately the same size as ventrals, smaller 
adult body size, stouter head and shorter limbs; from 
D. lateroides sp. nov., D. ornatus, D. polyophthalmus 
by possessing relatively tall labials (as tall as wide). 
Diplodactylus nebulusus sp. nov. differs from the 
remaining Diplodactylus largely in aspects of dorsal 
pattern and colouration. It differs from D. granariensis, 
D. ornatus, D. vittatus, D. wiru and some D. calcicolus 
by having an irregular vertebral zone comprised of 
blotches (the other taxa have straight or scalloped edges 
to the vertebral stripe). It differs from D. furcosus, D. 
galeatus and some D. calcicolus by usually having a 
tranverse row of fine white spots within the blotches 
(unique in Diplodactylus ). It differs from D. fulleri and 
D. tessellatus by possessing a vertebral zone of blotches 
(v. at most diffuse streaks and scattered markings on 
dorsum). It differs from D. capensis and D. mitchelli 
by lacking rich reddish colouration with pale transverse 
bars extending from vertebral stripe. 

CONSERVATION 

The populations of D. nebulosus in Lesueur and 
Badgingarra National Parks would seem to be secure 
given the protection afforded to these areas, bearing 
in mind that such places are also subject to modified 
burning regimes and feral animals (Burbidge et 
al. 1990). The species appears to be abundant and 
widespread in both parks, and distributed over a variety 
of habitats (B. Jennings, pers. comm.). The populations 
near Geraldton are generally not in national parks or 
reserves, and the area is being subject to increased 
industrial and housing developments. One significant 
reserve is the proposed Moresby Range Conservation 
Park where specimens have been collected. The species’ 
preference for hard surfaces is different from the sandy 
surfaces preferentially cleared by industrial and housing 
developments in Western Australia. 

DISCUSSION 

BI0GE0GRAPHY OF SOUTH-WESTERN AUSTRALIA 

The South-west Australian Floristic Region (south¬ 
west hotspot) is a relatively wet continental refuge 
covering approximately 300,000 km 2 , bordered on two 
sides by ocean, and by arid lands to the north, north¬ 
east, and east (Hopper and Gioia 2004). This region is 
recognised globally as a 'biodiversity hotspot', and a 
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centre of diversity and endemism for many plant and 
(to a lesser extent) animal groups (Myers et al. 2000; 
Hopper and Gioia 2004). Why the south-west is so 
biodiverse is a major recurring question in Australian 
biogeography (Hopper and Gioia 2004; Melville et al. 
2008; Hopper 2009; Edwards et al. 2012). 

Diplodactylus is the most diverse gecko genus in the 
south-west. The region is also a centre of diversity for 
the genus (7 out of a probable Australian total of ~30 
species [Oliver et al. 2009]). This includes the three 
regionally endemic species treated here ( D . lateroides, 
D. nebulosus and D. polyophthalmus ) and four more 
wide-ranging species ( D. calcicolus, D. granariensis, 
D. ornatus and D. pulcher ). The distribution of many 
of these taxa overlap, and in at least one region in 
the south-west (around Mt Lesueur) three species are 
regionally sympatric ( D . nebulosus, D. ornatus and 
D. polyophthalmus ; Figure 3; W.B. Jennings, pers. 
comm.). Below we examine how the distribution of 
Diplodactylus species in the south-west compares to 
broad phytogeographic patterns reported by Hopper and 
Gioia (2004). 

Hopper and Gioia (2004) suggested that there has 
been a history of repeated faunal interchange between 
the south-west and surrounding biomes. Our data 
supports this concept: many Diplodactylus lineages in 
the south-west are clearly related to arid zone lineages. 
Many Diplodactylus species that occur in the south-west 
hotspot (4 of 7) occur outside this region, consistent with 
another hypothesis that the overlap of arid, semi-arid 
and temperate niches contributes to overall biodiversity 
indices (Hopper and Gioia 2004). More broadly, an 
emerging pattern is that the entire lizard fauna of the 
south-west includes few highly divergent relictual taxa; 
for instance only two recognised genera are endemic or 
near endemic ( Hesperoedura and Pletholax ) and show 
evidence of moderately long term persistence (since the 
around late Miocene) in complete isolation from any 
living relatives (Jennings et al. 2003; Oliver et al. 2012). 

Hopper and Gioia (2004) noted that flora of the 
south-west region was most diverse and endemic in the 
Transitional Rainfall Province (300-800 mm rainfall 
per year). Inter- and intraspecific lineage divergence 
within south-western Diplodactylus is also concentrated 
within this zone (the split of D. lateroides and D. 
polyophthalmus, and lineages within D. nebulosus and 
D. ornatus ), supporting the idea that this area has been 
the most important zone of in situ diversification in the 
south-west. A final pattern apparent in the distribution of 
Diplodactylus and other lizards is that genetic turnover 
and levels of endemism are much higher along the 
western coastal region than the southern coastal region 
(Melville et al. 2008). If additional short range endemic 
Diplodactylus from the Carnarvon Basin (D. klugei ) and 
North West Cape (D. capensis ) are also considered, the 
number of endemics along the west coast is even more 
marked (Aplin and Adams 1998; Doughty et al. 2008). 

The mechanisms that have shaped the biodiversity 


of the south-west are probably many and synergistic 
(Hopper 2009). Edwards et al. (2012) presented a 
detailed analysis of patterns of genetic divergence 
among west coast reptiles, and suggested that they 
were broadly (and often idiosyncratically) shaped by 
the interplay of historical environmental change and 
ecological specialisation, especially substrate preference. 
Diplodactylus species in the south-west are often 
associated with different substrates and where multiple 
taxa occur in close regional proximity they usually 
utilise different substrates (e.g. at Lesueur National Park 
- D. ornatus and D. polyophthalmus on sandy substrates 
and D. nebulosus on harder surfaces; W.B. Jennings, 
pers. comm.). The distribution of the only two sister 
species of Diplodactylus endemic to the south-west 
(D. lateroides and D. polyophthalmus) also meets at an 
ancient and sharp geological border where the Darling 
Range meets the Swan Coastal Plain. The correlation 
between divergent lineages and different substrates 
supports the hypothesis that habitat variation has played 
an important role in the diversification and persistence 
of multiple lineages of Diplodactylus in the south-west. 

SPECIES DIVERSITY AND CONSERVATION IN THE 
SOUTH-WEST HOTSPOT 

Resolution of taxonomic boundaries among the 
species treated here has required targeted surveys of 
key areas to obtain new material, an assessment of 
genetic diversity and re-examination of older voucher 
specimens. In the absence of this background data, 
specimens of D. nebulosus and D. polyophthalmus 
from the coastal sandplain of south-western Australia 
were often incorrectly assigned to D. granariensis or 
D. ornatus. Indeed, several D. nebulosus specimens 
are paratypes of D. granariensis (Appendix 3). Recent 
revisions of Diplodactylus (Doughty et al. 2008, 2010; 
Hutchinson et al. 2009) also relied heavily on genotyped 
specimens assigned to divergent lineages to facilitate the 
search for diagnostic morphological characters. While 
the taxonomy of Diplodactylus remains incomplete 
(Oliver et al. 2009), each iteration of revisionary work 
has improved our understanding of the nature of 
variation within and between taxa. In other regions of 
Australia where there is similar evidence of unresolved 
taxonomic complexity, targeted surveys to fill collecting 
gaps are necessary as current sampling (especially 
tissues for genetic analyses) is probably inadequate to 
properly understand patterns of variation. 

Many new taxa of Diplodactylus remain to be 
described from elsewhere in Australia (Oliver et al. 
2009). It seems unlikely, however, that completely 
unknown and distinctive populations of Diplodactylus 
remain undiscovered in the south-west. Nevertheless, 
there are additional populations within established 
taxa that are of note and may in some cases require 
further taxonomic study. The two isolated populations 
of D. nebulosus on the Geraldton Sandplain show a 
level of genetic divergence indicative of a significant 


DIPLODACTYLUS GECKOS FROM SOUTH-WESTERN AUSTRALIA 


61 


history of isolation and probably warrant recognition 
as Evolutionary Significant Units (Moritz 1994). 
Diplodactylus polyophthalmus also includes two 
apparently isolated populations. Further fieldwork is 
required to determine the extent of the disjunction 
between these populations, and genetic analyses are 
required to determine their history of divergence. 
The status of an apparently disjunct population of 
D. lateroides from the Stirling Range also requires 
assessment. Finally, there is evidence of significant 
morphological and genetic differentiation between 
Diplodactylus g. granariensis from the Darling Ranges 
and those from plains further to the east that requires 
investigation (Doughty et al. 2008; Hutchinson et al. 
2009). 

The Swan Coastal Plain has a distinctive geology 
and highly diverse and endemic biota, but is also the 
location of Western Australia’s rapidly expanding state 
capital of Perth (1.8 million people) and thus one of the 
most heavily modified regions of Western Australia 
(How and Dell 2000). Likewise, much of the Geraldton 
Sandplain has been cleared for agriculture and large 
areas of remaining habitat are significantly degraded 
(e.g. Desmond and Chant 2001). Our genetic studies 
have highlighted the presence of two endemic species of 
Diplodactylus in these coastal sandplains which require 
further study to adequately assess their conservation 
status. While both occur in protected areas and may not 
be immediately threatened, a large percentage (if not 
a majority) of their habitat has been cleared, and they 
have most certainly undergone concomitant population 
declines since European settlement. 

As noted above, the southern population of the 
redefined D. polyophthalmus is of particular concern. 
There have been few recent records of this species from 
Perth, and all have been from small patches of habitat 
that may not be viable in the long term. Expanding 
urban sprawl in this region also continues to threaten 
other areas of potentially suitable habitat. The southern 
population of D. polyophthalmus is certainly under 
threat, and there is a pressing need to develop a better 
understanding of its distribution, habitat requirements, 
and evolutionary divergence from probable conspecific 
populations further to the north. 

More broadly, this paper adds two vertebrates 
to the large number of taxa endemic to the heavily 
disturbed coastal sandplain bioregions of the south¬ 
west. Four other endemic species have been described 
in relatively recent times ( Cyclodomorphus branchialis 
and C. celatus Shea and Miller, 1995; Arenophryne 
xiphorhyncha Doughty and Edwards, 2008; Ctenotus 
ora Kay and Keogh, 2012). Two of these taxa are also 
considered to be of conservation concern. Ongoing 
work suggests the presence of additional unrecognised 
endemic reptile taxa in this region (PD, pers. obs.; B. 
Maryan, pers. comm.). These previously undocumented 
endemic vertebrate taxa demonstrate that there remains 
much to learn about the diverse but highly disturbed 
coastal sandplains of south-west Western Australia. 
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APPENDIX 1 Specimens details for samples included in genetic analyses. 
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APPENDIX 2 Additional material examined. All specimens are from the WAM (prefixes excluded) and from Western 
Australia. Specimens that were genotyped are indicated by an asterisk. 


D. polyophthalmus 

R388 (female), R11169 (female), R15244 (female), R15248 (female), R26856 (female), R29194 (female), R49049 
(female), R59389 (male), R62172 (female), R128844-5 (males), R129887 (female), *R157753 (female). 

D. lateroides sp. nov. 

R70694 (male), R70695 (female), R71695 (male), R71720 (male), R71721 (male), R76575 (male), R96850 (female), 
R103709 (female), R119233 (male), R143367 (male), R156610 (male), R156611 (female), *R166871 (female). 

D. nebulosus sp. nov. 

R61319 (female), R61371 (female), R128544 (male), R128548 (male), R128550 (female), R128554 (male), R164371 
(male), *R165922 (female), *R166719 (female), *R168636 (male), *R168637 (male), *R168641 (male). 

D. ornatus 

R71105 (male), R71584 (male), R97295 (female), R100000 (female), R116928 (male), R128556 (male), R128559 
(female), R128561 (female), R141587 (male), R156907 (female), R164162 (male), R164208 (male), R164209 (male), 
R165823 (male), R166801 (male). 


APPENDIX 3 Paratypes of Diplodactylus g. granariensis Storr, 1979 that are now D. nebulosus sp. nov. All specimens 
are from the WAM (prefixes excluded) and from Western Australia. 

R22277, R25286, R25287, R27397, R27398, R27399, R49002, R49003, R49015, R49021, R49022, R49023, R49100. 
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A review of the peacock spiders of 
the Maratus mungaich species-group 
(Araneae: Salticidae), with descriptions 
of four new species 

Julianne M. Waldock 


Department of Terrestrial Zoology, Western Australian Museum, Locked Bag 49, Welshpool DC, 
Western Australia 6986, Australia. 


ABSTRACT - A newly defined species-group within the jumping spider genus Maratus is identified, 
based on Maratus mungaich Waldock, 1995 and four new species: M. karrie sp. nov., M. melindae sp. 
nov., M. sarahae sp. nov. and M. caeruleus sp. nov. The group is defined by the male colour pattern 
of alternate transverse stripes on the dorsal abdominal surface and is restricted to south-western 
Australia. 


KEYWORDS: taxonomy, morphology, south-western Western Australia 


INTRODUCTION 

Since the first recorded observations of these jumping 
spiders, males of the genus Maratus Karsh, 1878 have 
elicited fascination for their bright colouration, unusual 
structural modifications and associated behaviour. As 
early as 1901 Eugene Simon noted that it is "en Australie 
que le genre [Saitis] possede les plus nombreuses et les 
plus belles especes" [“in Australia the genus [Saids] has 
the most numerous and the most beautiful species”] 
(Simon 1901: 563). In 1987, Zabka removed most of 
these Australian species from Saitis when he revalidated 
Maratus and Lycidas Karsch, 1878, and R.A. Dunn first 
coined the term ‘peacock spider’ in his description of the 
mating behaviour of Maratus pavonis (Dunn, 1947) (as 
Saitis pavonis Dunn, 1947), noting the significance of the 
colour patterns of iridescent setae on lateral abdominal 
extensions. However, despite Dunn’s observations, it is 
only in the last 20 years that the striking similarities 
in the behavior of male Maratus to the mating 
performances of birds such as peacocks has become 
fully apparent and well documented (see Waldock 1993; 
Hill and Otto 2011; Girard et al. 2011; Otto and Hill 
2010, 2011, 2012a, 2012b, 2012c, 2013). 

Berry et al. (1996) noted that there are currently 
salticid genera that differ in non-genitalic characters 
but have genitalia of the same form. This appears to 
be relevant to the genus Maratus with males having 
distinctive body forms, colours and colour patterns 
but very similar pedipalp morphologies. Observations 
indicate that these somatic features are extremely 
important for successful courtship performance leading 
to mating (see Girard et al. 2011). Specialised structures 


include abdominal flaps, squamous setae that make 
up the reflective colour patterns and brushes on the 
legs. These features come together during courtship to 
create a species-specific morphological signal which is 
displayed to the female in an elaborate performance that 
emphasises the different aspects of the displayable suite 
of features per species. 

The purpose of this paper is to define and 
circumscribe the Maratus mungaich species-group, 
to provide a new diagnosis for M. mungaich Waldock, 
1995, and to describe four distinctive new species from 
south-western Australia, some of which were originally 
identified as M. mungaich by Waldock (1995). 

MATERIALS AND METHODS 

Specimens were preserved and described in 75% or 
100% ethanol, illuminated with Halogen lights, and 
illustrated with the abdomen and cephalothorax in a flat, 
horizontal position. Female genitalia were examined by 
dissecting epigynes from the abdomen and clearing them 
in 10% lactic acid overnight. Epigynes were mounted in 
glycerol and illustrated with a camera lucida on a Leica 
DM 2500 compound microscope. Other drawings and 
measurements were made using a Leica MS 5 or Leica 
MZ 16A stereo microscope and Leica Application Suite 
V3.8.0 from Leica Microsystems Ltd. 

Material examined for this study is lodged in the 
Museum of Comparative Zoology, Harvard University, 
Cambridge, Massachusetts, U.S.A. (MCZ) and the 
Western Australian Museum, Perth, Australia (WAM). 
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TAXONOMY 

Family Salticidae Blackwall, 1841 
Subfamily Euophryinae Simon, 1901 
Genus Maratus Karsch, 1878 

Maratus Karsch 1878: 27. 

TYPE SPECIES 

Maratus amabilis Karsch, 1878 by subsequent 
designation of Bonnet (1957: 2713). 

COMPOSITION 

Fifteen described species (sensu Zabka 1987) - 
Maratus amabilis Karsch, 1878, M. caeruleus sp. nov., 
M. calcitrans Otto and Hill, 2012c, M. digitatus Otto 
and Hill, 2012c, M. harrisi Otto and Hill, 2011, M. 
karrie sp. nov., M. linnaei Waldock, 2008, M. melindae 
sp. nov., M. mungaich Waldock, 1985, M. pavonis 
(Dunn, 1947), M. sarahae sp. nov., M. speciosus (O.P.- 
Cambridge, 1874), M. rainbowi (Roewer, 1951), M. 
vespertilio (Simon, 1901), M. volans (O.R-Cambridge, 
1874) - and at least 15 undescribed species (Waldock, 
unpublished data). However, Otto and Hill (2012b) 
recently synonymised Lycidas Karsch, 1878 (type 
species L. anomalus Karsch, 1878) with Maratus, 
greatly expanding the limits of the latter genus and 
taking the total number of described species to about 40. 

REMARKS 

The specific (and often spectacular) colour patterns 
on male Maratus species are the result of specialised 
short squamous setae, which cover the dorsal abdominal 
scute and parts of the dorsal carapace (e.g. see Otto and 
Hill 2012a, Figure 5[1]). These setae reflect different 
colours depending on the angle of orientation and also 
reflect different colour spectra on different parts of the 
abdomen. 

When preserved in alcohol, the vibrancy of the 
colours may be reduced, e.g. squamous setae that appear 
red in life will show as orangey to light brown over 
time. To standardise the colour pattern descriptions, the 
specimens were viewed under Halogen lights with the 
abdomen and cephalothorax in a flat, horizontal position. 
This combination leads to the squamous setae reflecting 
colours as rose-gold, orangey, brown and pink. When 
the abdomen is raised to a vertical position the rose-gold 
squamous setae reflect as electric blue; in life these rose- 
gold coloured areas are blue-green (see Framenau 2007; 
Otto and Hill 2011, Figures 13-14, 25-27; Otto and Hill 
2012a, Figures 4-13, 17) or purple (see Morcombe 1978, 
plates on pp. 82-83). To simplify the descriptions the 
stripes that are red in life (i.e. orangey to light brown 
in ethanol) are stippled and termed as A, B and C (see 
Figure 1) and the extensions from these main stripes are 
called ‘arms’. 

In a molecular phylogeny of the subfamily 
Euophryinae, Zhang and Maddison (2013) found that 
Maratus grouped with several Australian species 


attributed to Lycidas and Hypoblemum Peckham and 
Peckham, 1886. 

Maratus mungaich species-group 

DIAGNOSIS 

Those species assigned to the newly recognised 
Maratus mungaich species-group have males with an 
abdominal colour pattern of red transverse bands on a 
purple, green or rose-gold background (Figures 1, 3, 5, 
12, 20, 25; Otto and Hill 2011, Figures 25-26; Otto and 
Hill 2012a, Figures 6-7). The abdominal flaps are large 
and overlap when folded ventrally (Figures 2, 4, 13, 21, 
26) and in most species the dorsal red-orange stripes 
continue onto the abdominal flaps (Otto and Hill 2012a, 
Figure 7[1]). Also, apart from one of the new species 
described below (M. caeruleus sp. nov.), species in this 
group have a small centrally located pale blue spot or 
line surrounded by a variably-shaped black abdominal 
patch (Figures 1, 3, 5, 12, 20; Framenau 2007; Otto and 
Hill 2011, Figure 25[4]; Otto and Hill 2012a, Figure 7). 

REMARKS 

Following the publication of the description of 
Maratus mungaich in 1995, the author became aware of 
specimens from the Stirling Range that did not match 
the type series, in particular specimens from Bluff Knoll 
and Ellen Peak, these being significantly larger than M. 
mungaich (e.g. see Otto and Hill 2012a, Figure 17). 

Subsequent to revision of all specimens identified 
as M. mungaich in the collections of the Western 
Australian Museum, it is now recognised that there are 
five species in the M. mungaich species-group in south¬ 
western Western Australia. The recognition of these 
new species has led to a reassessment of the overall 
distribution of M. mungaich, indicating that this species 
has a more restricted distribution than indicated in the 
original description and the other four species in the 
Maratus mungaich species-group also have restricted 
distributions (Figure 30). 

KEY TO SPECIES OFTHE MARATUS 
MUNGAICH SPECIES-GROUP 

Note: Females unknown for M. caeruleus sp. nov. and 
M. melindae sp. nov. 

1. Males.2 

Females.6 

2. Dorsal surface of abdomen with central black patch 

encircling small light blue spot or line (Figures 1, 

3, 12, 20).3 

Dorsal surface of abdomen without central black 

patch (Figure 25). Maratus caeruleus sp. nov. 

3. Abdominal flaps with black median ‘eye’ (Figures 2, 

4, 13).4 
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Abdominal flaps without black median ‘eye’ 
(Figure 21). Maratus melindae sp. nov. 

4. Leg III with distal brush only on tibia, metatarsus 

and tarsus (Figure 16; see also Otto and Hill 
2012a, Figure 9[3]).5 

Leg III with all segments bearing long white hairs 
(Figure 8; see also Otto and Hill 2012a, Figure 
9[2]). Maratus sarahae sp. nov. 

5. Abdominal flaps with large black median ‘eye’ 

isolated and not surrounded by extension of stripe 
B (Figure 13; see also Otto and Hill 2012a, Figure 
18[2]). Maratus karrie sp. nov. 

Abdominal flaps with small black median ‘eye’ almost 
encircled by red lateral extension of stripe B 
(Figure 2; see also Otto and Hill 2012a, Figures 
8[7]-8[12]). Maratus mungaich Waldock 

6. Epigyne with proximal receivers overlapping across 

median guide (Figure 18); dorsal abdomen with 
dark grey patches over entire surface (Figure 17).. 
. Maratus karrie sp. nov. 

Epigyne with proximal receivers not overlapping 
across median guide (Figure 10).7 

7. Proximal receivers of epigyne long, extending across 

spermatheca (see Waldock 1995, Figure 8); dorsal 
abdomen with faint dark greyish patches on 
creamy background (see Waldock 1995, Figure 7) 
. Maratus mungaich Waldock 


1 



Proximal receivers of epigyne short, not extending 
laterally (Figure 10); dorsal surface of abdomen 
with foliate pattern of dark grey patches on 

creamy background (Figure 9). 

. Maratus sarahae sp. nov. 

Maratus mungaich\Na\dock, 1995 
Banksia Peacock Spider 

Figures 1-2, 30 

Maratus mungaich Waldock 1995: 165, Figures 1-9; Hill 
2009: 11; Hill 2010: 50; Proszynski 2005; Otto and 
Hill 2011: 12, Figures 13-14; Otto and Hill 2012a: 8, 
Figures 7(3)-7(4), 8(7)-8(12), 9(3), 11, 13, 15(7)45(12), 
16(3)-16(4), 17; Platnick 2013. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: 8, Mt Cooke, 32°25’S, 
116°18’E, 1 October 1990, M.S. Harvey, J.M. Waldock 
(WAM 93/1635). 

Paratypes 

Australia: Western Australia: 1 8, base of Mt Cooke, 
jarrah-marri forest, 32°25’S, 116°18’E, 29 September 
1990, J.M. Waldock (WAM 93/1628); 6 8, 1 ?, Mt 
Cooke, 32°25’S, 116°18’E, 1 October 1990, M.S. Harvey, 
J.M. Waldock (WAM 93/1629-34; 93/2091); 3 8 , same 
data as holotype except 19 September 1991, M.S. 


2 



FIGURES 1-2 Maratus mungaich Waldock, 1995, male holotype (WAM 93/1635): 1, abdomen, dorsal view; 2, abdomen, 
ventral (abdominal flaps folded). Scale lines = 1 mm. A/B/C = red transverse stripes A-C. 
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Harvey, J.M. Waldock (WAM 93/1636-8); 1 & same 
data as holotype except 12 October 1991, J.M. Waldock 
(WAM 93/1639); 3 S, 1 same data as holotype except 
13 October 1991, J.M. Waldock (WAM 93/1640-3). 

Additional material 

Australia: Western Australia : 1 S, Avon National 
Park, junction of Sapper and Plunkett Roads, 31°34’41.8”S, 
116°09 , 52.7”E, 14 July 2012, J.M. Waldock, K. Brimmell, 
G.B. Hughes (WAM T127622); 2 S, Cardup Reserve, 
site CR 3, 32°14’53”S, 115°59 , 08”E, 16 April-17 June 
1996, wet pitfalls, J.M. Waldock, P. West, A. Longbottom 
(WAM T55816); 1 4 NE. of Jarrahdale, Alcoa minesite 
[32°17’S, 116°08’E], October 1997, wet pitfalls, K.E.C. 
Brennan (WAM T48323); 1 S, same data (WAM T49301); 
1 $, same data except April 1998, K.E.C. Brennan, L. 
Ashby (WAM T49302); 1 $ [epigyne missing], same 
data except April 1999, M.L. Moir (WAM T48324); 1 
S, Jarrahdale (Alcoa) mine area, 32°16’S, 116°06’E, 
November 2001, M.L. Moir #62, suction sample ex 
Dryandra lindleyana (WAM T55758); 1 $, same data 
except #61, tree beat sample ex Xanthorrhoea preissii 
(WAM T55759); 1 S, same data except #65, suction 
sample ex Lasiopetalum ftoribundum (WAM T55757); 
1 i| Julimar Road, 30 km W. of Toodyay, running in 
litter, jarrah forest [31°31’S, 116°03’E], 28 September 
1986, J.M. Waldock (WAM T47103); 6 & 1 ?, Mt Cooke, 
site 1, pitfall traps, 32°25’S, 116°18’E, 19 September-28 
November 1991, J.M. Waldock, C.A. Car (WAM 
97/2569-5); 1 4 Mt Cooke, base, 32°25’S, 116°18’E, 24 
October 1999, J.M. Waldock (WAM T46948); 1 c. 2 
km N. of Mt Dale, jarrah forest, 32°08’S, 116°18’E, 5 
October 1992, J.M. Waldock (WAM T47104); 2 <?, W. 
side of Mt Dale, running in leaf litter, 32°07’S, 116°18’E, 
29 September 1997, K. Brimmell, J.M. Waldock (WAM 
T47105); 1 4 base of northern slope of Mt Dale, banksia 
woodland, 32°08’S, 116°18’E, 26 September 1998, B. 
Slack-Smith, J.M. Waldock (WAM T47106); 6 S, 3 §f 
base of Mt Dale, W. side, 32°08’S, 116°18’E, 26 September 
1998, J.M. Waldock et al. (WAM T55822-30); 1 4 NW. 
of Mt Dale, site RL1, 32°05’39”S, HbHbW’E, 15-30 
August 2001, A. Watson, wet pitfall traps, recently logged 
jarrah forest (WAM T55831); 1 4 same data except site 
RL2, 32°05’19”S, 116 0 16’52”E (WAM T55832); 3 4 
same data except site RL3, 32°05’57”S, 116 o 17’06”E 
(WAM T55833-5); 2 4 1 ?, same data except site RLB2, 
32°06’14”S, 116 0 16’36”E, recently logged and burnt jarrah 
forest (WAM T55836); 1 4 same data except site RLB4, 
32°06’07”S, 116°16 , 18”E, recently logged and burnt 
jarrah forest (WAM T55837); 2 4 same data except site 
LL2, 32°05’30”S, 116°16’40”E, long-logged (> 50 years 
ago) jarrah forest (WAM T55838); 1 4 same data except 
site LL4, 32°05’16”S, 116 0 16’42”E, long-logged (> 50 
years ago) jarrah forest (WAM T55839); 1 4 same data 
except site LL5, 32°05’00”S, 116 0 16’59”E, long-logged 
(> 50 years ago) jarrah forest (WAM T55850); 1 4 1 
same data except site OG1, 32°07’33”S, 116 0 17’42”E, 
old growth jarrah forest (WAM T55840); 2 4 same data 
except site OG4, 32°06’04”S, 116 0 17’15”E, old growth 
jarrah forest (WAM T55841, T55849); 1 4 1 ?, same 


data except site OGB1, 32°07’10”S, 116 0 17’28”E, old 
growth burnt jarrah forest (WAM T55842-3); 1 4 same 
data except site OGB2, 32°07’19”S, 116 0 17’33”E, old 
growth burnt jarrah forest (WAM T55844); 3 4 same 
data except site OGB3, 32 o 06’26”S, 116°17 , 05”E, old 
growth burnt jarrah forest (WAM T55845—6); 2 4 same 
data except site OGB4, 32°07’25”S, 116°17 , 36”E, old 
growth burnt jarrah forest (WAM T55847-8); 1 4 Mt 
Dale, off Omeo Road, near Bibbulmun Track, 32°07’27”S, 
116°17 , 22”E, 12 September 2010, D. Harms, S. Harms, 
M. Rix, M. Mathew, J. Waldock, K. Brimmell (WAM 
T108536); 2 4 same data except WAM T125600; 1 4 
SSW. of Mt Observation, near headwaters of Helena River, 
c. 31°57’S, 116°38’E, 1 October 1995, J.M. Waldock, 
wandoo woodland (WAM 95/776); 1 4 Omeo Road, near 
Brookton Highway, gravel pit, 32°n’56”S, 116°17 , 15”E, 
27 September 2003, J.M. Waldock (WAM T55959). 

DIAGNOSIS 

Males of Maratus mungaich can be distinguished from 
all other species in the M. mungaich species-group except 
M. karrie sp. nov. and M. sarahae sp. nov. by the presence 
of a median black ‘eye’ patch on each abdominal flap 
(Figure 2); from M. sarahae sp. nov. by the much smaller 
body size (see Otto and Hill 2012a, Figure 17) and the 
absence of setal brushes on the leg III femora (see Otto 
and Hill 2012a, Figure 9[3]; and from M. karrie sp. nov. 
by the larger abdominal flaps (Figure 2) and the smaller 
black median ‘eye’ patches which are almost completely 
encircled by the red lateral extensions of stripe arm ‘B’ 
(Figure 2; see also Otto and Hill 2012a, Figures 8[7]- 
8 [ 12 ]) 

DESCRIPTION 
Male (holotype) 

See Waldock (1995). For qualification, note that red 
stripe arm B continues onto lateral flaps and almost 
encircles small black patch, with light blue squamous 
setae on posterior gap of red stripe B (Figure 2). 

Female (WAM 93/2091) 

See Waldock (1995). For qualification, note that 
epigyne with openings of insemination ducts along 
lower lateral border of fossae. 

DISTRIBUTION 

Following re-assessment of specimens originally 
identified as M. mungaich (see Waldock 1995) and 
additional material collected more recently, M. mungaich 
is now known to be quite restricted and found to occur in 
bushland around the Perth metropolitan region, extending 
north to Toodyay, south to Mt Cooke, and east to Darkin 
Road (Figure 30). 

REMARKS 

Recent photographic studies of live male specimens 
of Maratus mungaich by J. Otto and others (Otto and 
Hill 2011, Figures 13-14; Otto and Hill 2012a, Figures 
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7(3)-7(4), 8(7)-8(12), 9(3), 11, 13) have indicated that 
the original description of M. mungaich by Waldock 
(1995) overlooked a significant feature on the abdominal 
flaps of males, i.e. the presence of a small black patch 
on the flaps of M. mungaich sens. str. This patch 
is situated centrally on the flap, almost completely 
surrounded by the central red stripe arm B that 
extends from the dorsum. This small black patch is 
found on all specimens checked for the present study, 
although the patch is difficult to observe on many older 
specimens which usually need to be suitably angled 
to the light. Upon reassessment of the collections of 
M. mungaich several specimens were observed with 
slight variations in the male colour pattern relative to 
the type material. For example, not all specimens have 
diagonal posteriorly-directed arms from stripe A, with 
some reduced to simple bumps, and the anterior border 
of stripe A also varies from having a deep incision 
centrally (Figure 1) to only a slight depression. 

Maratus sarahae sp. nov. 

urn:lsid:zoobank.org:act:F31 D47FC-AE28-4B71-9192- 
257A95DC40F6 

Sarah's Peacock Spider 

Figures 3-11, 30 

‘Maratus sp.’: Hill and Otto 2011: 39 (figure from V.W. 
Framenau [but not the images of MCZ 101302, p. 39]). 

‘Maratus sp. A’ (in part): Otto and Hill 2011: 20, Figures 
25-27; Otto and Hill 2012a: 1, Figures 3- 6, 7(l)-7(2), 
8(l)-8(6), 9(l)-9(2), 10, 12, 14, 15(1)-15(6), 16(1)-16(2), 
17 [but not Darlington’s specimens referenced and 
imaged on p. 19, Figure 18]. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: 8 , Bluff Knoll, Stirling 
Range National Park, site 10, 34°22’51”S, 118°18’02”E, 
12 November 2007, M.L. Moir (WAM T125614). 

Paratypes 

Australia: Western Australia : 1 same data as 
holotype (WAM T125615); 1 8, 2 % same data as 
holotype (WAM T99864); 2 $ 1 f, same data as 
holotype except 34°23’S, 118°15’E, 29 November 1988, 
D. Knowles (WAM 93/1619-21) [misidentified as M. 
mungaich by Waldock (1995)]. 

Other material 

Australia: Western Australia : 2 juveniles, Bluff 
Knoll, Stirling Range National Park, 34°23’S, 118°15’E, 
29 November 1988, D. Knowles (WAM 93/1622-3); 1 
8, Ellen Peak, Stirling Range National Park, saddle, 
1000 m, 34°21’32”S, 118°19’46”E, 4 April 1995, S. 
Barrett (WAM 97/2594); 1 8, Ellen Peak, Stirling Range 
National Park, 34°22’S, 118°20’E, 21 September 1995, S. 


Barrett (WAM 97/2595); 1 8, Ellen Peak, Stirling Range 
National Park, 1007 m, beating/sifting low vegetation 
and leaf litter, 34°21’30”S, 118°19’57”E, 6 November 
2007, M.G. Rix et al. (WAM T99765); 1 8, Ellen Peak, 
Stirling Range National Park, 995 m, beating reeds, 
34°21’29”S, 118°19’54”E, 30 November 2007, M.L. Moir 
(WAM T99366). 

DIAGNOSIS 

Maratus sarahae can be distinguished from all other 
species in the M. mungaich species-group except M. 
karrie sp. nov. and M. mungaich by the presence of a 
median black ‘eye’ patch on each abdominal flap (Figure 

4) ; and from M. karrie sp. nov. and M. mungaich by the 
much larger body size (e.g. see Otto and Hill 2012a, 
Figure 17) and the presence of setal brushes on the 
leg III femora (Figure 8; see also Otto and Hill 2012a, 
Figure 9[2]). 

DESCRIPTION 
Male (holotype) 

Cephalothorax black to dark brown with white hairs 
bordering lateral edges. Dense mat of light orange 
squamous setae covering ocular region. Anterior eyes 
fringed with creamy hairs along dorsal margin; rest of 
cephalothorax lightly covered with scattered short white 
hairs and brown bristles (Figure 3). Clypeus orangey- 
brown, chelicerae dark brown, yellow distally. Maxillae 
creamy-yellow, labium dark brown with cream edge. 
Sternum dark brown. 

Venter of abdomen dark yellow with greyish smudges 
in centre and laterally; spinnerets black. Dorsal 
abdominal scute developed as lateral flaps which fold 
over each other ventrally, but extendable laterally to 
exhibit a continuation of dorsal pattern (these flaps 
partially extended in holotype specimen; Figure 

5) . Stripe A of red-orange squamous setae present, 

merging with broad anterior black patch medially (Fig 
3, 5). Stripe B of red-orange narrow, merging with lower 
extensions of central black patch (Figures 3, 4, 5) and 
extending onto flaps as reddish spots. Central black 
patch with four ‘arms’ extending laterally with small 
light blue elongate strip in centre (Figures 3, 5). Stripe 
C thin of red-orange squamous setae laterally, extending 
onto flaps, forming black stripe across dorsum; second 
thin black stripe anterior to stripe C (Figure 3). Anterior 
corners of abdomen with stiff orange and black bristles. 
Stiff long cream and brown bristles projecting from 
anterior border of abdomen (Figures 4, 5). Lateral 
flaps with large black circular ‘eye’ patch anteriorly; 
‘eye’ patch almost entirely encircled with red-orange 
anteriorly, remainder of flaps rose-gold and bright blue 
except for small patches of red at fold with dorsum as 
extensions from stripes A, B and C. Long creamy hairs 
bordering edges of flaps (Figure 4). Legs with 

brushes of thick white hairs on ventral surfaces of all 
segments. Legs I, II and IV: femora, patellae and tibiae 
yellowish-grey dorso-anteriorly with dark grey patches 
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FIGURES 3-8 Maratus sarahae sp. nov., male holotype (WAMT125614) from Bluff Knoll, WAMT99765 and 97/2595 
from Ellen Peak: 3, cephalothorax and abdomen, dorsal view (WAMT99765); 4, abdomen, ventral 
view (abdominal flaps folded) (WAMT99765); 5, abdomen, dorsal view (flaps partially unfolded) (WAM 
T125614); 6, left pedipalp (of WAM 97/2595), ventral view; 7, left pedipalp (of WAM 97/2595), retrolateral 
view; 8, left leg III, retrolateral view (WAMT125614). Scale lines = 1 mm (Figures 3-5, 8), 0.5 mm 
(Figures 6-7). A/B/C = red transverse stripes A-C; Cy = cymbium; E = embolus; T = tegulum;TA = tibial 
apophysis; TB1-2 = tegular bulges 1-2. 


ventro-posteriorly; metatarsi and tarsi yellow; covered 
with dense short white hairs interspersed with black 
bristles. Leg III: femur, patella and tibia dark grey, 
metatarsus yellow with grey patches, tarsus cream; tibia 
and metatarsus with shorter white hairs retrolaterally; 
tarsus with thick short white hairs on all surfaces and 
thick brush of dark grey hairs at tip, covering claws 
(Figure 8). 

Pedipalp yellow with scattered greyish patches 
distally. Tibial apophysis narrow, straight (Figure 
6). Cymbium, dorsal tibia and dorsal patella densely 


covered with long white hairs, a single very long black 
hair on dorsal pedipalpal patella, tibia and cymbium 
with a few long creamy hairs on ventral side just under 
tegulum. Embolus with broad tip and conductor closely 
aligned with embolus into tight coil, tucked under tip of 
cymbium; tegulum with two bulges adjacent to embolus 
(Figure 6). 

Female (paratype, WAM T125615) 

Ocular region black, densely covered with short black 
and creamy hairs, rest of cephalothorax tan grading 
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FIGURES 9-11 Maratus sarahae sp. nov., female paratype (WAMT125615): 9, cephalothorax and abdomen, dorsal 
view; 10, cleared epigyne, dorsal view; 11, epigyne, ventral view. Scale lines = 1 mm (Figure 9), 0.25 
mm (Figures 10-11). AG = accessory gland; F = fossa; FD = fertilisation duct; 1C = intermediate canal; ID 
= insemination duct; MG = median guide; PR = proximal receiver; S = spermatheca. 


to yellow towards posterior with scattered black hairs. 
Broad light yellow central band extending from fovea to 
posterior margin of abdomen, with some white hairs still 
evident within this band. Sides of cephalothorax creamy 
yellow. Clypeus creamy; chelicerae, maxillae, labium 
yellow with white border. Sternum cream to pale yellow. 

Abdomen oval with greyish dorsal sigillae and black 
bristles scattered amongst brown and creamy hairs; most 
of dorsum covered in greyish foliate pattern on creamy 
background; pattern darkens towards posterior (Figure 
9). Venter of abdomen cream, with small grey spots in 
longitudinal rows, larger spots at edges. Spinnerets grey. 

Femora and patellae of legs creamy, no markings 
dorsally, grey patches at joints and mid-way of femora; 
tibiae, metatarsi and tarsi yellowy with grey bands at 
joints. 

Proximal receivers of epigyne separated across 
median guide. Intermediate canals very short, opening 
directly into central anterior portion of spermathecae. 
Insemination ducts opening centrally above anterior 
portion of spermathecae (Figures 10, 11). 


Dimensions (mm) 

Holotype S (paratype ||, WAM T125615,): total length 
(excluding chelicerae) 7.40 (7.54). Carapace length 3.62 
(3.26). Abdomen length 3.58 (4.12). Leg I: femur 1.88 
(1.59), patella 1.24 (0.99), tibia 1.20 (0.95), metatarsus 
0.93 (0.49), tarsus 0.65 (0.69). Leg II: femur 1.71 (1.37), 
patella 1.02 (0.80), tibia 0.93 (0.85), metatarsus 0.88 
(0.77), tarsus 0.63 (0.52). Leg III: femur 2.59 (2.11), 
patella 1.29 (1.05), tibia 1.68 (1.25), metatarsus 1.68 
(1.23), tarsus 1.15 (0.82). Leg IV: femur 3.02 (1.88), 
patella 1.04 (1.01), tibia 1.34 (1.15), metatarsus 1.37 
(1.36), tarsus 0.86 (0.74). Legs, relative lengths: III: IV: I: 
II (III: IV: I: II). 

DISTRIBUTION 

Maratus sarahae appears to be restricted to the higher 
peaks of the eastern Stirling Range, and is currently 
known only from Bluff Knoll and Ellen Peak (Figure 
30). This is not a unique distribution, however, as there 
are several other arachnids that also reflect this pattern, 
for example the spiders Calcarsynotaxus benrobertsi 
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Rix, Roberts and Harvey, 2009 (Synotaxidae) (see 
Rix et al. 2009), Zephyrarchaea robinsi (Harvey, 
2002) (Archaeidae) (see Rix and Harvey 2012) and 
Perissopmeros darwini Rix, Roberts and Harvey, 2009 
(Malkaridae) (see Rix et al. 2009), and the harvestman 
Megalopsalis epizephyros Taylor, 2011 (Phalangioidea) 
(see Taylor 2011). These species show such small and 
restricted distributions that they are clearly short-range 
endemics as defined by Harvey (2002). 

REMARKS 

Although Hill and Otto (2011: 39) and Otto and Hill 
(2012a: 19) identified a single new species of Maratus 
from specimens collected at Bluff Knoll, Margaret River 
and Pemberton (i.e. their ‘ Maratus sp. A’), there are at 
least two different species here recognised under the 
4 Maratus sp. A’ concept of Hill and Otto (2011) and Otto 
and Hill (2012a). The specimens from Bluff Knoll are here 
identified as M. sarahae and the specimens from Margaret 
River and Pemberton as M. karrie sp. nov. Hill and Otto 
(2011) and Otto and Hill (2012a) also refer to a figure 
from Zabka (1991) as ‘ Maratus sp. A’ but the locality 
given for this image is simply “Western Australia” so 
it is not possible to assign a species name to this image. 

ETYMOLOGY 

The specific epithet is a patronym in honour of Sarah 
Comer, Regional Ecologist for the South Coastal Region 
of the Department of Environment and Conservation, 
who has consistently collected innumerable invertebrates 
from often remote and difficult corners of the south¬ 
western regions of Western Australia. 

Maratus karrie sp. nov. 

urn:lsid:zoobank.org:act:E8763E3A-575E-457E- 

A780-8E3240F0ACC9 

Karri Peacock Spider 

Figures 12-19, 30 

Maratus mungaich Waldock 1995 (in part): 167 
(misidentification of specimens from Crowea and 
Manjimup). 

‘Maratus sp.’ (in part): Hill and Otto 2011: 39 (reference 
to Darlington’s specimens and Figures of MCZ 101302 
[but not image from V.W. Framenau]). 

Maratus sp. A’ (in part): Otto and Hill 2011: 20 
(reference to Darlington’ specimens); Otto and Hill 
2012a: 19, Figure 18. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Mt Frankland 
National Park, Mt Roe, site 1, sandy track, 34°42’21”S, 
116°48’02”E, 28 October 2006, M.F. Moir, A. Sampey 


(WAM T78898). 

Paratype 

Australia: Western Australia: 1 $, same data as 
holotype (WAM T125616). 

Other material 

Australia: Western Australia : 1 S, Crowea Forest, 
34°28’S, 116°10’E, ridge site, area A, open forest 
(regrowth), 8 November 1979, S. J. Curry (WAM 93/1649) 
[misidentified as M. mungaich by Waldock (1995)]; 2 
S, Manjimup [34°15’S, 116°09’E], 30 November 1926, 
F. Cheney (WAM 26/801-802) [misidentified as M. 
mungaich by Waldock (1995)]; 1 S, Margaret River 
[33°57’S, 115°04’E], October 1931, [P. J.] Darlington 
(MCZ 101302); 1 <j, Pemberton [34°27’S, 116°02’E], 10 
November 1931, [P. J.] Darlington (MCZ 101295). 

DIAGNOSIS 

Maratus karrie can be distinguished from all other 
species in the M. mungaich species-group except M. 
mungaich and M. sarahae by the presence of a median 
black ‘eye’ patch on each abdominal flap (Figure 13); 
from M. sarahae by the much smaller body size and 
absence of setal brushes on the leg III femora (Figure 
16); and from M. mungaich by the lack of extension of 
stripe B from the dorsum to the ‘eye’ patch (Figure 13) 
and the larger black median ‘eye’ patches which are 
isolated, each with small patch of red only along anterior 
edge (Figure 13; see also Otto and Hill 2012a, Figure 
18[2]). 

DESCRIPTION 
Male (holotype) 

Cephalothorax black to dark brown with white hairs 
bordering lateral edges. Dense mat of creamy flat 
hairs covering ocular region. Anterior eyes fringed 
with creamy-orange hairs along dorsal margin; rest of 
cephalothorax lightly covered with scattered short white 
hairs, including small patch posterior to fovea (Figure 
12). Clypeus yellow; chelicerae dark brown. Maxillae, 
labium light cream. Sternum dark brown. 

Venter of abdomen pale yellow with greyish smudges; 
anterior spinnerets light cream with black tips, posterior 
ones, black. Dorsal abdominal scute developed as lateral 
flaps which fold over each other ventrally, but extendable 
laterally to exhibit a continuation of dorsal pattern. 
Abdominal pattern consisting of alternating narrow 
transverse stripes A, B and C of red-orange and wider 
blue/rose-gold bands. Abdomen with a square-shaped 
matte black patch medially, surrounding small light 
blue crescent-shaped strip in centre. A second, smaller 
black patch situated medially within red stripe A. Stripe 
C of red-orange squamous setae laterally, medially 
black; additional thin strip of black squamous setae in 
centre, anterior to stripe C (Figure 12). Anterior corners 
of abdomen with stiff dark brown and black bristles. 
Stiff brown bristles projecting from anterior border of 
abdomen (Figure 12). Fateral flaps rose-gold to bright 
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blue, each with a large black circular ‘eye’ patch (Figure 
13); anterior border of each ‘eye’ patch encircled with 
a thin margin of bright orange, posteriorly with small 
patch of light blue. Red-orange stripe B on dorsum 
aligns with ‘eye’ but dissipates laterally and does not 
extend to ‘eye’ on flap. Flaps with long creamy hairs 
bordering edges (Figurel3). 


Legs covered with dense short white hairs interspersed 
with black bristles. Dorsal femora creamy yellow with 
greyish-black patches distally that merge with retro- 
lateral patches. Dorsal patellae light yellow with dark 
grey patches ventrally; tibiae and metatarsi of legs I, II 
and IV creamy-yellow with dark grey bands proximally 
on each joint. Tarsi of all legs creamy-yellow; tarsi III 



FIGURES 12-16 Maratus karrie sp. nov., male holotype (WAMT78898): 12, cephalothorax and abdomen, dorsal view; 

13, abdomen, ventral view (abdominal flaps folded); 14, left pedipalp, ventral view; 15, left pedipalp, 
retrolateral view; 16, left leg III, retrolateral view. Scale lines = 1mm (Figures 12-13, 16), 0.5 mm (Figures 
14-15). A/B/C = red transverse stripes A-C; Cy = cymbium; E = embolus; T = tegulum;TA = tibial 
apophysis; TB1-2 = tegular bulges 1-2. 


















FIGURES 17-19 Maratus karrie sp. nov., female paratype (WAMT125616): 17 cephalothorax and abdomen, dorsal view; 

18, cleared epigyne, dorsal view; 19, epigyne, ventral view. Scale lines = 1 mm (Figure 17), 0.25 mm 
(Figures 18-19). AG = accessory gland; F = fossa; FD = fertilisation duct; 1C = intermediate canal; ID = 
insemination duct; MG = median guide; PR = proximal receiver; S = spermatheca. 


and IV with dark grey tips. Tibia of leg III dark grey 
on yellow; metatarsus III creamy-yellow with dark grey 
bands proximally and distally. Leg III with brush of 
black bristles and thick hairs ventrally on patella and 
tibia; rest of tibia III covered with thin black bristles; 
brush of thick white hairs on ventral metatarsus and 
entire tarsus, this brush especially dense on dorsal 
surface of tarsus, extending over tips of claws (Figure 
16). 

Pedipalp light cream with scattered light grey patches. 
Tibial apophysis narrow, straight except for a slight 
distal curve (Figure 15). Cymbium, dorsal tibia and 
dorsal patella densely covered with long white hairs, a 
single long light brown hair on dorsal pedipalpal patella; 
two long cream-coloured hairs on tibia as well as a few 
thicker brown bristles on external ventral side just under 
tegulum. Embolus with conductor closely aligned into 
tight coil, tucked under tip of cymbium; tegulum with 
two bulges adjacent to embolus (Figure 14). 


Female (paratype, WAM T125616) 

Ocular region black with dense covering of short 
white hairs, interspersed with short black hairs, rest of 
cephalothorax yellow with light tan patches grading 
to yellow laterally and brown patch behind ocular area 
extending towards posterior edge. A central yellow 
area divides this posterior patch. Short creamy and long 
grey hairs laterally and dorsally, scattered short black 
hairs occur in tan and brown areas. Clypeus, chelicerae, 
maxillae, labium light yellow. Sternum cream with light 
greyish speckling. 

Abdomen oval with pale grey sigillae; entire dorsum 
covered in pale grey speckled pattern on creamy-white 
background; long greyish bristles scattered amongst 
short black hairs (Figure 17). Venter of abdomen cream, 
with small grey spots in rows that condense to two faint 
greyish lines in centre. Spinnerets pale grey ventrally, 
dark grey dorsally. 
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Legs yellow with pair of greyish patches or faint 
stripes on the ventral surface of all femora (retrolateral 
on legs I and II, retro- and prolateral on legs III and IV). 

Proximal receivers of epigyne slightly swollen 
towards median guide, not separated, right proximal 
receiver sitting ventral to left proximal receiver. Distal 
portion of long intermediate canals well separated, lying 
transversally across anterior portion of spermathecae. 
Openings of intermediate canals situated at anterior 
margin of spermathecae (Figures 18, 19). Insemination 
duct opening on lower lateral border of fossae, over 
lateral coil of proximal receiver (Figure 19). 

Dimensions (mm) 

Holotype 3 (paratype Ss WAM T125616): total length 
(excluding chelicerae) 4.22 (5.04). Carapace length 2.07 
(2.30). Abdomen length 2.02 (2.82). Leg I: femur 0.94 
(0.84), patella 0.44 (0.65), tibia 0.58 (0.55), metatarsus 
0.68 (0.48), tarsus 0.41 (0.56). Leg II: femur 0.94 (1.03), 
patella 0.53 (0.72), tibia 0.41 (0.56), metatarsus 0.46 
(0.43), tarsus 0.43 (0.47). Leg III: femur 1.55 (1.53), 
patella 0.68 (0.72), tibia 0.96 (0.92), metatarsus 0.91 
(0.73), tarsus 0.52 (0.60). Leg IV: femur 1.13 (1.18), 
patella 0.49 (0.53), tibia 0.62 (0.83), metatarsus 0.81 
(0.93), tarsus 0.54 (0.56). Legs, relative lengths: III: IV: 
I: II (III: IV: II: I). 

DISTRIBUTION 

Maratus karrie is found in the Warren Bioregion of far 
south-western Western Australia, ranging from Margaret 
River to the west, inland and south to Manjimup, 
Pemberton, Crowea (adjacent to Pemberton) and further 
south to Mt Roe (north of Walpole) (Figure 30). 

REMARKS 

The specimens from Crowea Forest and Manjimup 
were previously misidentified as M. mungaich by 
Waldock (1995), and the specimens collected by P.J. 
Darlington from Pemberton and Margaret River were 
misidentified as ‘ Maratus sp. A’ (i.e. conspecific with 
M. sarahae) by Hill and Otto (2011) and Otto and Hill 
(2012a). 

ETYMOLOGY 

The specific epithet is derived from the south-western 
Aboriginal (Nyoongar) word for the eucalypt tree known 
as Karri ( Eucalyptus diversicolor), a dominant tree in 
the range of this species (Bindon and Chadwick, 1992). 

Maratus melindae sp. nov. 

um:lsid:zoobank.org:act:006D1015-F7A9-4679- 
9B1 F-EEB8DE7F0773 

Melinda's Peacock Spider 

Figures 20-24, 30 

Maratus mungaich Waldock 1995 (in part): 167 
(misidentification of specimens from S. of Bluff 
Knoll). 


MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: 3 , Mt Trio, Stirling 
Range National Park, 34°20’59”S, 118°06 , 39”E, 
vacuuming plants, 6 November 2007, M.L. Moir (WAM 
T106096). 

Paratypes 

Australia: Western Australia : 2 3 , 12 km S. of 
Bluff Knoll, Stirling Range National Park, grid 1.4, 
34°29’S, 118°15’E, 13-23 October 1989, G. Friend, G. 
Hall, D. Mitchell (WAM 97/2567-8) [misidentified as M. 
mungaich by Waldock (1995)]; 1 3, W. of Two Mile Lake, 
Stirling Range National Park, pitfalls, 34°29’S, 118°15’E, 
10-20 September 1990, G. Friend et al. (WAM T47102). 

DIAGNOSIS 

Maratus melindae can be distinguished from all 
other species in the M. mungaich species-group except 
M. caeruleus sp. nov. by the absence of a black ‘eye’ 
patch on each abdominal flap (Figure 21); and from M. 
caeruleus sp. nov. by the presence of a medial black 
abdominal patch dorsally (Figure 20). 

DESCRIPTION 

Male (holotype, WAM T106096) 

Cephalothorax black to dark brown with white 
hairs bordering lateral edges. Dense mat of brown flat 
hairs covering ocular region. Anterior eyes fringed 
with creamy-white hairs along dorsal margin; rest of 
cephalothorax lightly covered with scattered short white 
hairs and long dark brown bristles on dorsum. Clypeus 
and chelicerae tan with darker patches on chelicerae. 
Maxillae, labium light cream. Sternum light grey. 

Venter of abdomen pale yellow with greyish smudges 
forming pale lines; spinnerets black. Dorsal abdominal 
scute developed as lateral flaps which fold over each 
other but extendable laterally to exhibit a continuation 
of dorsal pattern of alternating transverse stripes of red- 
orange (stripes A, B and C) on rose-gold and bright blue 
background. Stripe A with thin medial black border. 
Stripe B surrounding central black patch, the latter 
with two thin black strips extending posteriorly onto 
posterior border of stripe B; stripe B extending onto 
flaps and almost reaching lateral edges. Stripe C thin, 
unbroken dorsally, extending only slightly onto flaps. 
Centre of dorsal abdomen with a matte black elongate 
oval patch with small circular light blue spot. Anterior 
corners of abdomen with red-orange patches and short 
stiff bright orange bristles; longer black and cream 
bristles extend from these patches. Stiff long cream 
bristles project from anterior border of abdomen (Figure 
20). No black ‘eye’ on flaps. Long greyish to cream hairs 
border abdominal flaps (Figure 21). 

Legs covered with dense white hairs interspersed 
with black bristles. Femora I, II creamy-yellow with 
greyish-black patches distally merging with retro-lateral 
patches; femur III creamy-yellow with greyish-black 
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FIGURES 20-24 Maratus melindae sp. nov., male holotype (WAMT106096): 20, cephalothorax and abdomen, dorsal 
view; 21, abdomen, ventral view (abdominal flaps folded); 22, left pedipalp, ventral view; 23, left 
pedipalp, retrolateral view; 24, left leg III, retrolateral view. Scale lines = 1 mm (Figures 20-21, 24), 
0.5 mm (Figures 22-23). A/B/C = red transverse stripes A-C; Cy = cymbium; E = embolus; T = 
tegulum;TA = tibial apophysis; TB1-2 = tegular bulges 1-2. 


patches distally merging with retro-lateral and ventral 
patches; femur IV creamy-yellow with greyish-black 
patches distally and small ventral grey patch. Dorsal 
patellae I, II, IV yellow with dark grey patches ventrally; 
patella III greyish-yellow. Tibiae and metatarsi I, II, IV 
greyish-yellow with dark grey bands proximally on each 
joint; tibia III dark brown; metatarsus III tan. Tarsi I, II, 
IV greyish-yellow; tarsus III creamy-yellow, with grey 
patch ventrally at tip. Leg III with brush of black bristles 
and thick hairs ventrally on patella, tibia and metatarsus; 
dorsal tibia and metatarsus III with brush of thick black 
hairs; tarsus III with dense brush of very long white 
hairs from distal half of dorsal tarsus, extending over 
tips of claws (Figure 24). 

Pedipalp yellowish-grey with scattered greyish 
patches. Tibial apophysis narrow, straight except for a 
slight distal curve (Figure 23). Cymbium, dorsal tibia 


and dorsal patella densely covered with long white hairs, 
single long creamy hair on dorsal pedipalpal patella 
only, cream and brown long hairs on tibia, stiff brown 
bristles on ventral edges of cymbium. Embolus tightly 
coiled with tip sitting just in from of tip of cymbium; 
tegulum with two bulges, one behind the other, adjacent 
to embolus (Figure 22). 

Dimensions (mm) 

Holotype (?: total length (excluding chelicerae) 6.39. 
Carapace length 2.97. Abdomen length 3.23. Leg I: 
femur 1.30, patella 1.02, tibia 0.92, metatarsus 0.70, 
tarsus 0.64. Leg II: femur 1.33, patella 0.91, tibia 0.76, 
metatarsus 0.63, tarsus 0.63. Leg III: femur 2.52, patella 
1.20, tibia 1.50, metatarsus 1.38, tarsus 0.84. Leg IV: 
femur 1.84, patella 0.78, tibia 1.22, metatarsus 1.29, 
tarsus 0.70. Legs, relative lengths: III: IV: I: II. 
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DISTRIBUTION 

This species is known only from within the Stirling 
Range National Park, from two sites along the south¬ 
eastern boundary and a single site west of Chester Pass 
Road along the northern boundary (Figure 30). 

REMARKS 

The specimen from Stirling Range National Park, 
south of Bluff Knoll, was previously misidentified as M. 
mungaich by Waldock (1995). 

ETYMOLOGY 

The specific epithet is a patronym in honour of Dr 
Melinda Moir, in recognition of her continuing work 
to highlight the unique invertebrate fauna of the south¬ 
western corner of Western Australia. 


Maratus caeruleus sp. nov. 

urn:lsid:zoobank.org:act:AABD1643-302A-42D1-98DC- 

7AB6E6E0E689 

Blue Peacock Spider 

Figures 25-30 
MATERIAL EXAMINED 
Holotype 

Australia: Western Australia : Recherche 

Archipelago, Middle Island, 34 o 06’04”S, 123°12’08”E, 
22 October 2008, on the ground, M.S. Harvey et al. 
(WAM T95692). 



TA 


FIGURES 25-29 Maratus caeruleus sp. nov., male holotype (WAMT95692): 25, cephalothorax and abdomen, dorsal 
view; 26, abdomen, ventral view (abdominal flaps folded); 27, left pedipalp, ventral view; 28, left 
pedipalp, retrolateral view; 29, left leg III, retrolateral view. Scale lines = 1 mm (Figures 25-26, 

29), 0.5 mm (Figures 27-28). B/C = red transverse stripes B-C; Cy = cymbium; E = embolus; T = 
tegulum;TA = tibial apophysis; TB1-2 = tegular bulges 1-2. 
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FIGURE 30 Map of south-western Western Australia with the collection localities of Maratus mungaich Waldock 
(solid circles), M. karrie sp. nov. (open circles), M. caeruleus sp. nov. (solid triangle). Inset for 
collection localities of M. sarahae (solid squares) and M. melindae (open squares). 


Paratype 

Australia: Western Australia: 1 <$, same data as 
holotype (WAM T95695). 

DIAGNOSIS 

Maratus caeruleus can be distinguished from all other 
species in the M. mungaich species-group by the absence 
of a medial black abdominal patch dorsally (Figure 25). 

DESCRIPTION 
Male (holotype) 

Cephalothorax black to dark brown with white hairs 
bordering lateral edges. Dense mat of orange flat hairs 
covering ocular region. Anterior eyes fringed with 
bright orange and cream hairs along dorsal margin; rest 
of cephalothorax lightly covered with scattered short 
white hairs; dense patch of short white hairs extending 
posteriorly from fovea on top of cephalothorax, this 
patch not extending to posterior margin of cephalothorax. 
Clypeus tan, chelicerae dark brown. Maxillae, labium 
greyish-yellow. Sternum grey. 

Venter of abdomen cream with light grey speckling; 


spinnerets black. Dorsal abdominal scute developed as 
lateral flaps which fold over each other but extendable 
laterally to exhibit a continuation of dorsal pattern. 
Dorsal abdominal pattern consisting of two narrow 
transverse stripes of red/orange - stripes B and C - on 
rose-gold and bright blue background. Stripe C broken 
medially with a second, slightly anterior thin red strip 
filling this gap. Stripe A absent, with no central black 
patches. Anterior corners of abdomen with red-orange 
patches, and stiff long black bristles projecting from 
these corners; stiff long black bristles also projecting 
from anterior border of abdomen (Figure 25). Pattern on 
lateral flaps consisting of three broad red-orange bands 
from anterior, centre and postero-lateral edges, curving 
along border of flap towards distal edge, these bands 
almost merging at the antero-distal flap edge (Figure 
26). Short cream hairs border abdominal flaps (Figure 
26). 

Legs covered with dense short white hairs interspersed 
with black bristles, except for leg III which has brush of 
dark grey and cream bristles on ventral patella, tibia, 
metatarsus, and dorsal brush of shorter grey bristles on 
tibia and metatarsus. Dorsal femora I-IV cream, distally 
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dark grey, femur III with long white hairs in cream 
coloured area proximally; patellae I-IV tan; tibiae I-IV 
brown with dark patches retrolaterally, prolaterally and 
ventrally; ventral femora I, II and IV cream with dark 
grey patches proximally and distally. Dark grey patches 
on ventral femora I, II merge prolaterally with dorsal 
patches. Metatarsi I, II and IV yellow with greyish 
patches distally and metatarsus III with greyish band 
just below proximal joint. Tarsi I, II, IV creamy- yellow; 
tarsus III cream, with long white hairs extending over 
claws (Figure 29). Pedipalp light creamy- 

yellow with greyish patch on tibia. Tibial apophysis 
narrow, straight except for a slight distal curve (Figure 
27). Cymbium, dorsal tibia and dorsal patella densely 
covered with long white hairs, two long black hairs on 
dorsal pedipalpal tibia and four on cymbium, a few on 
external ventral side just under tegulum. Embolus tightly 
coiled with tip sitting just in from tip of cymbium; 
tegulum with two bulges, one behind the other, next to 
embolus (Figure 28). 

Dimensions (mm) 

Holotype S' total length (excluding chelicerae) 7.89. 
Carapace length 3.97. Abdomen length 4.62. Leg I: 
femur 1.79, patella 1.13, tibia 1.03, metatarsus 0.80, 
tarsus 0.49. Leg II: femur 1.76, patella 1.11, tibia 1.01, 
metatarsus 0.78, tarsus 0.69. Leg III: femur 3.32, patella 
1.33, tibia 1.79, metatarsus 1.80, tarsus 1.00. Leg IV: 
femur 2.32, patella 1.14, tibia 1.33, metatarsus 1.65, 
tarsus 0.91. Legs, relative lengths: III: IV: II: I. 

DISTRIBUTION 

This species is known only from Middle Island, 
situated in the Recherche Archipelago, off the south¬ 
eastern coast of Western Australia (Figure 30). 

REMARKS 

This species is one of the largest thus far known for 
Maratus, with males over 7 mm long. 

ETYMOLOGY 

The specific epithet is derived from the latin 
“caeruleus” for sky-blue, in reference to the colour of the 
male abdomen. 
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ABSTRACT -A taxonomic review of the previously named species of the Australian endemic millipede 
genus Antichiropus Attems is presented. The genus is redefined and the existing nine species 
redescribed with lectotypes designated for seven species. New images of morphological features are 
included to standardise species descriptions within the genus here, and in future publications. The 
distribution of each species is documented. 


KEYWORDS: taxonomy, short-range endemic, south-western Australia, biodiversity, morphology 


INTRODUCTION 

The described paradoxosomatid fauna of Australia 
is represented by 139 named millipede species in 40 
genera (Mesibov 2013b). Knowledge of the Australian 
paradoxosomatid fauna is, however, extremely 
fragmentary and the described species represent only a 
small fraction of the total number of Australian species: 
hundreds of undescribed species have been collected 
in recent surveys (Car 2009; Mesibov 2008) and large 
tracts of Australia remain unexplored for this family of 
millipedes. 

The described fauna of Western Australia (WA) 
falls into eight genera of which four represent 
paradoxosomatid species that have been introduced to 
the region, namely: Akamptogonus novarae (Humbert 
and de Saussure, 1869), Orthomorpha coarctata (de 
Saussure, 1860), Oxidus gracilis (C.L. Koch, 1847) 
and Solaenodolichopus pruvoti (Brolemann, 1931). 
The remaining four genera, Antichiropus Attems, 
1911, Boreohesperus Shear, 1992, Helicopodosoma 
Verhoeff, 1924 and Stygiochiropus Humphreys and 
Shear, 1993, with one exception, occur exclusively 
in WA. Boreohesperus, the only member of the 
tribe Australiosomatini Brolemann, 1916 in WA, is 


represented by six species from the Cape Range area 
and the Pilbara region of the State, including Barrow 
Island (Car and Harvey 2013). The remaining genera 
are of the tribe Antichiropodini Brolemann, 1916. 
Helicopodosoma is represented only by H. melas 
Verhoeff, 1924, recorded from Kununurra (15°46'S, 
128°4'E) and a new species from Mt Hart Station 
(16°49'S, 124°55'E) (C. Car and M. Harvey, unpublished 
data). Stygiochiropus is a troglobitic genus, with all 
four species occurring only in caves of the Cape Range 
region near Exmouth (ca. 21°55'S, 114°00'E-22°26'S, 
114°07'E) (Humphreys and Shear 1993). Conversely, 
the fourth genus, Antichiropus, is diverse, with 
approximately 160 new species identified (C. Car and 
M. Harvey, unpublished data). It is also wide ranging, 
occurring from the Pilbara region in the north (20°25'S, 
118°04'E) to West Cape Howe in the south of WA 
(35°08'S, 117°36'E) (Figure 20). One Antichiropus 
species has also been found in the south-eastern region 
of WA on the Nullarbor Plain (31°43'S, 127°13'E) but 
the genus is not found east of this locality, except for a 
single species, A. mammillifer Jeekel 2006, found only 
on the Eyre Peninsula of South Australia (33°49'S, 
136°43'E). 
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TABLE 1 Explanation of terms used in description of Antichiropus gonopod structures. 


Structure 

Abbreviation 

Explanation 

Remarks 

Coxa 

c 

Section of gonopod attached to body. 


Prefemur 

PF 

Section between the coxa and the upright femorite 
with many setae; at the base of the femorite and often 
demarcated from the femorite by a line or fissure. 

= femur (Attems 1911) 

Femorite 

F 

Long upright 'stalk' of the telopodite 

(= solenomere+femorite+prefemur) 

= tibia (Attems 1911) 

Solenomere 

s 

Curved apical structure of the gonopod, carrying the 
sperm canal which opens at its tip 


Main femoral process 

MFP 

The process found in all species, arising on the lateral surface 
of the femorite, just before its apex 

= c process (Attems) 

Other femoral processes 

fpl, fp2 etc 

Often absent but additional processes near the apex 

of the femorite 

= b process (Attems) and 
tibiotarsus (Shear 1992) 

Prolongation of femorite 

prof 

prolongation of femorite after it leads into the 

solenomere (Shear 1992) 

= a process (Attems) 

Solenomere process 

spl 

the process (spine or lobe) on the solenomere 
closest to its tip 

= d process (Attems) 

Solenomere process 

sp2, sp3 etc 

other processes found on the solenomere and numbered 
sequentially from the tip to the solenomere base 

= 1 process (Attems) 


Although the genus Antichiropus is widespread and 
speciose in the region south of the Kimberley, just nine 
species have been described (Attems 1911; Jeekel 1982; 
Shear 1992). In this paper, we redefine the genus and 
redescribe the existing species, designating lectotypes 
for seven of those species in accordance with Article 74 
of the International Code of Zoological Nomenclature, 
4 th edition (1999). We also include images of various 
morphological features which occur in Antichiropus 
species to standardise their descriptions within the 
genus. Some of these features cannot be discussed in 
this paper as many specimens of described species 
are rare, old, damaged or discoloured and cannot be 
dissected. Terms that are standardised here will be used 
in a forthcoming paper on Antichiropus species of the 
Great Western Woodlands area of WA (C. Car and M. 
Harvey, unpublished data). 

MATERIAL AND METHODS 

The material examined for this study is lodged in 
the Australian National Insect Collection, Canberra 
(ANIC), California Academy of Sciences, San Francisco 
(CAS), Naturhistorisches Museum Wien, Vienna 
(NHMW), South Australian Museum, Adelaide (SAM), 
Western Australian Museum, Perth (WAM), Museum 


fur Naturkunde, Berlin (ZMB) and the Zoologisches 
Museum, Hamburg (ZMH). 

All gonopods from specimens lodged in the NHMW 
were originally mounted on slides by Attems with 
‘gelatin glyzein’ but were removed from the slides by 
NHMW staff by dissolving the mounting medium with 
warm water. Specimens were subsequently stored in 
75% ethanol. Some of the gonopods showed some degree 
of flattening and other damage after being removed 
from the slides. All other material was preserved and 
examined in 75% ethanol. 

Specimens were examined with Leica MZ6 and MZ16A 
stereo microscopes and the images were generated with a 
Leica MZ16A automontage imaging system using Leica 
Application Suite Version 3.7.0 software. Where possible, 
images of whole specimens were captured first and then 
various body parts were removed for imaging. A set of 
images of each gonopod from four orientations (posterior, 
anterior, medial and lateral) was captured. In most cases, 
images of lectotype material were generated: where the 
type material was slightly damaged or gonopods were 
obscured on the type specimen, other suitable specimens 
were used for imaging. 

Throughout the text and in figure captions, WA is used 
for Western Australia. 
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GONOPOD MORPHOLOGY 

The paradoxosomatid gonopod is the single most 
reliable morphological feature used to separate species 
but there is no standardised terminology for describing 
polydesmidan gonopods (Jorgensen and Sierwald 
2010; Rowe and Sierwald 2006). Here, we have 
largely followed Car and Harvey (2013) in labelling 
the main structures of the gonopod. Attems (1911) 
adopted a system of labelling gonopodal processes 
with letters when describing the genus Antichiropus. 
These processes vary in number among species; there 
may be one, two or three processes ‘of indeterminate 
identity’ (Shear 1992) arising near the distal end of 
the Antichiropus femorite and these were labelled ‘a’, 


‘b’ and ‘c’ by Attems. According to Shear, process 
‘a’ appears to be a prolongation of the femorite, ‘b’ is 
the tibiotarsus as identified by Jeekel (1968) and ‘c’ is 
a femoral process. In addition, there may be several 
other processes present on the solenomere, labelled ‘d’ 
and T by Attems. The labelling of processes on the 
gonopod using Attems’ notation has been abandoned 
in this paper. For clarity, sections of the telopodite used 
in species descriptions have been given standardised 
abbreviations (Figure 1) and are explained and compared 
with Attems’ notation (Table 1). Thus, the gonopod 
coxa is labelled C, the prefemur = PF, the femorite = F, 
the main lateral femoral process = MFP, other femoral 
processes = fpl, fp2 etc., prolongation of the femorite 



FIGURE 1 Left gonopods of two different Antichiropus species: A, anterior view, Antichiropus sp. nov. from Boorabin, 
WA. (WAM T71811); B, medial view, Antichiropus sp. nov. from Mt Gibson Station, WA (WAM T42304) 
showing the different regions referred to in species descriptions. Abbreviations: C, coxa; F femorite; fpl, 
femoral process; MFR main femoral process; PF prefemur; prof, prolongation of femorite; S, solenomere; 
spl, 2 and 3, solenomere processes. Scale bars = 0.5 mm. 
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FIGURE 2 Dorsal views of six Antichiropus species showing variation in form and colour: A, Antichiropus sp. nov. from 
Dunn Rock, WA (WAM T76739) indistinct waist, broad dorsal stripe, no paranota; B, Antichiropus sp. nov. 
from Disappointment Rock, WA (WAM Til5026) distinct waist, almost black, no paranota; C, Antichiropus 
sp. nov. from Esperance, WA (WAMT71874) distinct beaded waist, dark brown colour, small paranota; D, 
Antichiropus sp. nov. from Boorabin, WA (WAM T71811) distinct beaded waist, chestnut brown, paranota 
as slight protuberances; E, Antichiropus sp. nov. from McDermid Rock, WA (WAM T72055) distinct waist, 
bleached, no paranota; Fj Antichiropus sp. nov. from Dundas Rocks, WA (WAMT115034) distinct waist, two 
pale dorsal stripes, no paranota. Scale bars = 0.5 mm. 


= prof, the solenomere = S and any process on the 
solenomere = spl, sp2, sp3 etc., numbered sequentially 
from solenomere tip to base. Processes are numbered 
for convenience: we do not imply necessarily that those 
processes with the same numbers across species are 
homologous. 

While it is mainly variations in gonopod structure 
that are used for species differentiation, other characters 
can be used, in conjunction with gonopod features, to 
assist in Antichiropus species characterization. These 
may include: colour patterns (Figure 2); general body 
length and width, both of which appear to be relatively 
uniform among adults of each species, although females 
are usually slightly broader than males within species; 
the appearance of the body ring waist (constriction 
behind the fusion of prozonite and metazonite) (Figure 
3); collum length (a) as a proportion of head length (b) 


(Figure 4); the shape of the sternal lamella (a flange¬ 
like structure on the sternum of the fifth body ring in 
males) (Figures 5, 6); the presence/absence of sternal 
cones (Figure 5); and the shape of the midbody anterior 
spiracles (Figure 7). 

We have termed the anterior view of the head as 
the ‘face’. The face may be either narrow, when the 
cardines and stipites are clearly visible when viewed 
anteriorly (Figure 8B), or broad, when the cardines are 
at least partially obscured by the ‘cheeks’ measured 
at their widest point (c) (Figure 8A). We have used 
Mesibov’s notation (2013a) in referring to the spacing 
between antennal sockets (s) which varies from species 
to species, and is usually compared with the antennal 
socket diameter (d) (Figures 8A, 8B). 
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FIGURE 3 Dorsal views of two Antichiropus species: 

A, Antichiropus sp. nov. from Kwelkan, WA 
(WAM T74491) showing beaded waist (at 
arrow); B, Antichiropus sp. nov. from Mt 
Gibson, WA (WAM T65520) showing smooth 
waist. Scale bars = 1 mm. 


FIGURE 4 Antichiropus humphreysi Shear, 1992, male 
(WAMT92284), anterior lateral view showing 
length of collum (a) and length of head (b). 
Scale bar = 1 mm. 



FIGURE 5 Ventral view of 5th body ring, showing sternal lamella (SL): A, Antichiropus whistleri Attems, 1911, male 
(WAM T53595) without sternal cones; B, Antichiropus mammillifer Jeekel, holotype male (SAM OM1389) 
with sternal cones/processes (indicated by arrow) Scale bars: A = 0.2 mm; B = 0.5 mm. 
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FIGURE 6 Shapes of male sternal lamellae in six Antichiropus species: A, Antichiropus sp. nov. from Marvel Loch, WA 
(WAM T96078), broad rounded shape; B, Antichiropus sp. nov. from Norseman, WA (WAM T72616), heart 
shape; C, Antichiropus sp. nov. from Beacon, WA (WAM T42304), square shape; D, Antichiropus sp. nov. 
from Kambalda, WA (WAM Til2935), mushroom shape; E, Antichiropus sp. nov. from Mt Dean, WA (WAM 
Til2930), narrow rounded shape; F, Antichiropus sp. nov. from Koolyanobbing, WA (WAM T99084), helmet 
shape. Scale bars = 0.2 mm. 



FIGURE 7 Anterior spiracle shapes in Antichiropus 
species: A, Antichiropus sp. nov., male 
from Boorabin, WA (WAM T71811), flat 
spiracles; B, Antichiropus sp. nov., male 
from Koolyanobbing, WA (WAM T71992) 
slightly folded spiracles; C, Antichiropus 
variabilis Attems, 1911, male (WAMT77962), 
prominent folded spiracles. Abbreviations: 
as, anterior spiracle; ps, posterior spiracle. 
Scale bars = 0.1 mm. 
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FIGURE 8 Faces of two Antichiropus species: A, Antichiropus sp. nov. from Norseman, WA (WAM T72616), showing 
a broad face; B, Antichiropus sp. nov. from Credo Station, WA (WAM Til9044), showing a narrow face. 
Abbreviations: c, widest part of face; s, distance between antennal bases; d, width of antennal base. 


TAXONOMY 

Order Polydesmida Pocock, 1887 
Suborder Strongylosomatidea Brolemann, 1916 
Family Paradoxosomatidae Daday, 1889 
Tribe Antichiropodini Brolemann, 1916 
Genus Antichiropus Attems, 1911 
Antichiropus Attems 1911: 168. 

TYPE SPECIES 

Antichiropus variabilis Attems, 1911, by subsequent 
designation of Brolemann (1916). 

DIAGNOSIS 

The genus Antichiropus is most similar to the genus 
Notodesmus Chamberlin, 1920 and to several other 
undescribed genera that occur in Queensland and 
Victoria in Australia: the gonopod of each comprises 
a long femorite and a long free solenomere, as do most 
members of the Antichiropodini (Brolemann 1916; 
Jeekel 1968) but additionally, each has a solenomere 
that is long enough to curl into a semicircle. Each 
may have one or more processes on the femorite and 
solenomere, but Antichiropus may be distinguished by a 
unique combination of four gonopodal features. Firstly, 
the solenomere is remarkably long in Antichiropus : it 
is generally as long as the femorite and coiled into a 
complete circle, or more, in nearly all species. Secondly, 


the solenomere is characterised by the presence of one 
or more processes or Tappets’ on its length (Jeekel 
1965). All Antichiropus species carry one process, 
namely, the solenomere process 1 (spl) in the apical third 
of the solenomere and on its inner surface (probably 
Attems’‘d’). This last feature alone distinguishes 
Antichiropus from the superficially similar genus 
Notodesmus which lacks any process at the solenomere 
tip (Chamberlin 1920; Jeekel 1979). Thirdly, although 
there may be between one and three processes present 
on the femorite of the Antichiropus gonopod, all species 
carry a large pointed prominent process arising on 
the lateral surface of the femorite, close to its tip, but 
not at its apex (Attems’ ‘c’ process) called here the 
main femoral process (MFP). Finally, the sperm canal 
bends at a right angle at the tip of the femorite before 
continuing on the solenomere; this characteristic can be 
used in conjunction with the other features as diagnostic 
of the genus (e.g. Figure 1). 

DESCRIPTION 

Broadly, the general body features of the genus 
include: 20 body segments, each smooth and 
unsculptured, generally with distinct waist between 
prozonite and metazonite; transverse cross impressions 
on sternites deeper than longitudinal; paranota absent, 
poorly developed or small; normal pore formula; legs 
and antennae with no remarkable features; and legs of 
moderate length, approximately equal to the length of 
1 to 2 mid-body rings. The genus is only definitively 
characterised by features of the gonopod: coxa generally 
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broad and robust; prefemur sub-globose, with distinct 
line where prefemur joins femorite; femorite long, with 
prominent process present apically on lateral surface; 
solenomere long, usually curled into a circle and always 
with a process between midpoint and tip, usually closer 
to tip. 

REMARKS 

Attems (1911) commented that Antichiropus was 
characterised by the nature of the solenomere on the 
male gonopod, although it appears that he did not 
describe the distinguishing characteristic. The entire 
gonopod, including the solenomere, remains the single 
most important structure in differentiating between 
genera and separating species. Body characters within 
Antichiropus vary from species to species: although 
there are some that are consistent within a species, they 
are not necessarily particular to any one species and 
occur randomly in various species within the genus. 

Antichiropus variabilis Attems, 1911 

Figures 7C, 9, 10, 21 

Antichiropus variabilis ingens Attems, 1911: 171, 
Figures 26, 27, 28. 

Antichiropus variabilis Attems: Brolemann, 1916: 539 
(designated as type of Antichiropus ). 


MATERIAL EXAMINED 
Lectotype (new designation) 

Australia: Western Australia: $ with gonopods 
attached: Gooseberry Hill [31°57'S, 116°03'E], 
Hamburger sudwest-australischen Forschungsreise, 
Station 152, 31 May 1905, W. Michaelsen and R. 
Hartmeyer (NHMW 3440). 

Paralectotypes 

Australia: Western Australia: All specimens 
collected by W. Michaelsen and R. Hartmeyer during 
the Hamburger sudwest-australischen Forschungsreise: 
3 S (gonopods attached), 2 juveniles, collected 
with lectotype (ZMH); 1 S (without gonopods), 1 
(gonopods attached), York [31°53'S, 116°46'E], Station 
155, 11 August 1905 (NHMW 3441); 2 $, same details 
(WAM T266, original number 13/7128A, WAM T267, 
original number 13/7128B); 1 1 juvenile, Guildford 

[31°54'S, 115°58'E], Station 103, 28 August 1905 
(ZMB 5151a); 1 $ (gonopods attached), 2 juveniles, 
Cannington [32°53'S, 116°46'E] Station 123, 28 June 
1905 (ZMB 5151b); 1 $, 1 juvenile, Harvey [33°04'S, 
115°53'E], Station 136, 27 July 1905 (ZMB 5151c); 1 
§, 1 juvenile, Donnybrook [33°34'S, 115°49'E], Station 
145, 27 July 1905 (ZMB 5151d); 1 $, Boyanup [33°29'S, 
115°43'E], Station 146, 1-3 August 1905 (ZMB 5151e); 2 
$ (gonopods attached), 2 9 , Pickering Brook [32°02'S, 
116°07'E], Station 154, 22 July 1905 (ZMB 5151f); 1 
$ (gonopods attached) 1 $, 2 juvenile S, Mundaring 



FIGURE 9 Antichiropus variabilis Attems, 1911, dorsal view of living male approximately 45 mm long, Darling Ranges, 
Perth, WA, 2012. 




FIGURE 10 Antichiropus variabilis Attems: A-B, lectotype male (NHMW 3440), habitus: A, lateral view; B, dorsal view; 

C-F, male (WAM T119595), left gonopod: C, posterior view; D, anterior view; E, medial view; Fj lateral view. 
Abbreviations: C, coxa; F, femur; MFF? main femoral process; PF, prefemur; prof, prolongation of femur; S, 
solenomere; spl and sp2, solenomere processes 1 and 2. Scale bars: A = 5 mm; B = 2 mm; C-F = 1 mm. 


Weir [31°57'S, 116°09'E], Station 101, 9 August 1905 
(ZMH); 2 S (gonopods attached), East Fremantle 
[32°02'S,115°46'E], Station 116, 19 July 1905 (ZMH); 
1 S (gonopods attached) 1 1 juvenile, Bridgetown 

[33°57'S, 116°08'E], Station 144, 30-31 July 1905 
(ZMH); 1 S (gonopods attached) Collie [33°22'S, 
116°09'E], Station 137, 26 August 1905 (ZMH); 2 S 
(gonopods attached), 2 1 juvenile % 10 juveniles, 

broken pieces, Wooroloo [31°48'S, 116°19'E], Station 98, 


29 May 1905 (ZMH); 1 <$ (right gonopod removed), 3 
& (gonopods attached), 1 $, 7 juvenile S, 3 juvenile 
1 juvenile, Lion Mill [31°52'S, 116°12'E], Station 99, 22 
May 1905 (ZMH); also 1 juvenile, Brancaster, Upper 
Blackwood district [32°54'S, 116°34'E], 12 March 1910, 
J.M. Whistler (ZMB 5151g); 

Other material 

For all other specimens of A. variabilis examined, see 
Appendix 1. 
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DIAGNOSIS 

This species is distinguished by size and colour and 
its gonopod structure. Antichiropus variabilis and A. 
mammillifer are by far the largest known Antichiropus 
species but are widely separated in distribution (Figures 
21, 25). A. variabilis is usually noticeably lighter 
coloured than other species (Figures 9, 10). The gonopod 
has a characteristic long tapering solenomere held at 
right angles to the femorite (Figure 10C, D) and often 
curling back on itself when viewed medially. There 
are two small processes close to the rounded tip of the 
solenomere (Figures 10C, D). The main femoral process 
is upright, relatively short, tapering to a slender point, 
while the prolongation of the femorite is a large broad- 
based curved process ending in a sharp point (Figure 
10E, F): the two processes appear to curve away from 
each other and the gonopod midline when viewed 
anteriorly (Figure 10D). 

DESCRIPTION 
Male (lectotype) 

Body approximately 35 mm long; midbody ring 
approximately 3.5 mm wide with a distinct waist 
between prozonite and metazonite of similar width. 
Colour (of lectotype bleached in alcohol (Figure 
10A, B) but a uniform light chestnut brown when alive 
(Figure 9); legs with coloration similar to that of body. 
Paranota absent. Sternites, other than those of the 5th 
body ring, with no noticeable features; sternite of 5th 
body ring without obvious processes/tubercles; sternal 
lamella broad, with distal edge wider than base. Anterior 
spiracles at midbody prominent, folded (Figure 7C). 
Head smooth, without noticeable sculpturing. Frons 
smooth, with some setae. Face broad, the cardines 
partially obscured by the ‘cheeks’ when animal is 
viewed 'face on'; distance between antennal sockets 
(s) approximately 1.5 x width of antennal socket (d) 
(Figure 8). Antennae of moderate length, extending 
approximately to first body ring behind collum, and 
approximately uniform in width, the 6th antennomere of 
similar size to proximal ones, antennomeres relatively 
robust. Collum 0.8 x as long as head (in lateral view) 
(Figure 10A). Paralectotype <f (WAM T266): Gonopods 
of medium length, extending to posterior edge of 5th 
body ring; coxa (C) stockier, shorter than femorite; 
prefemur (PF) considerably shorter than femorite, ovoid; 
femorite (F) contributing to approximately two thirds 
or more of the total vertical height of the acropodite, 
and of similar thickness along its length; main femoral 
process (MFP) relatively short, thick at base, becoming 
more slender towards pointed tip, relatively slender 
when viewed laterally, but of similar shape to the 
prolongation of femorite (prof) when viewed anteriorly; 
prof large, broad-based, curved, sharply pointed; 


solenomere (S) moderately long, noticeably much more 
slender in apical third, held at right angles to femorite 
and curling back on itself; solenomere tip rounded and 
flattened; solenomere processes (spl and sp2) near tip of 
solenomere, small, pointed, upright, on opposite edges 
(Figures 10C-F). 

Female 

Body colour light chestnut brown, similar to S in 
overall appearance, but generally slightly broader 
when viewed dorsally (approximately 4 mm wide) and 
sometimes shorter. 

REMARKS 

Originally, A. variabilis was divided into two 
subspecies by Attems. Chamberlin (1920) suppressed the 
subspecies name A. variabilis ingens as a synonym of A. 
variabilis sens. str. 

The gonopod of A. variabilis has been shown 
to vary in details of its structure among isolated 
geographic populations (Wojcieszek and Simmons 
2012) but is still easily separated from those of other 
species. Antichiropus variabilis is one of the very few 
widespread species of the genus, with a distribution 
stretching from New Norcia (34°54'50"S, 116°18'54"E) 
in the north (WAM T127011) to Shannon State Forest 
(34°43'10"S, 116°31'02"E) in the south (WAM T54836) 
(Figure 21). One study examined how the processes of 
the gonopod interact with the female genitalia in copulo 
(Wojcieszek et al. 2012). Wojcieszek et al. (2011) dubbed 
this species the marri millipede as it is almost always 
collected in marri (Corymbia calophylla ) leaf litter. 

Antichiropus fossulifrons Attems, 1911 

Figures 11, 21 

Antichiropus fossulifrons Attems, 1911: 176, Figures 37, 

38. 

MATERIAL EXAMINED 
Lectotype (new designation) 

Australia: Western Australia: S with gonopods 
attached: Yalgoo [28°20'S, 116°42'E], Hamburger 
sudwest-australischen Forschungsreise Station 77, 11 
July 1905, W. Michaelsen and R. Hartmeyer (NHMW 
3432). 

Paralectotypes 

Australia: Western Australia: 1 S (gonopods only), 1 
?, collected with lectotype (NHMW 3432); 1 S (without 
gonopods), collected with lectotype (ZMB 5156); 1 
?, 1 juvenile, Eradu [28°42'S, 115°02'E], Hamburger 
sudwest-australischen Forschungsreise Station 80, 13 
July 1905, W. Michaelsen and R. Hartmeyer (ZMH) (but 
not conspecific with lectotype - see Remarks). 
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FIGURE 11 Antichiropus fossulifrons Attems: A-B, paralectotype male (ZMB5156) habitus: A, lateral view; B, dorsal view; 

C-F, lectotype male (NHMW 3432), left gonopod: C, posterior view; D, anterior view; E, medial view; F, lateral 
view. Abbreviations: C, coxa; Fj femur; fpl, femoral process 1; MFR main femoral process; n, notch; PF, 
prefemur; prof, prolongation of femur; S, solenomere; spl, solenomere process 1. Scale bars: A-B = 2 mm; 
C-F = 1 mm. 


Other material 

There are no known additional specimens. 

DIAGNOSIS 

This species of Antichiropus is recognisable by the 
combination of a notched femorite (Figures 11E, F) and 
the unique shape of the solenomere tip which is broadly 
flattened and carries a lobe like process (Figure 11E). 

DESCRIPTION 
Male (lectotype) 

Body approximately 20 mm long; midbody ring 


approximately 2 mm wide with distinct waist between 
prozonite and metazonite of similar width. Colour 
(of lectotype <$) bleached in alcohol but with distinct 
broad pale dorsal stripe running length of body (e.g. 
Figure 2F, Figure 11B); legs with coloration similar to 
that of body. Paranota on all but first few body rings 
present only as slight protuberances. Sternites, other 
than those of the 5th body ring, with no noticeable 
features; sternites of 5th body ring without obvious 
processes/tubercles; sternal lamella broad, helmet 
shaped (e.g. Figure 6F). Anterior spiracles at midbody 
flat (e.g. Figure 7A). Head smooth, without noticeable 
sculpturing. Frons smooth, with some setae. Face 
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narrow, the cardines and stipites clearly visible when 
the animal is viewed ‘face on’; distance between 
antennal sockets (s) approximately 1.5 x width of 
antennal socket (d) (Figure 8). Antennae of moderate 
length, extending approximately to first body ring 
behind collum, and approximately uniform in width, 
the 6th antennomere only slightly wider than proximal 
ones, antennomeres relatively robust (Figures 11 A, B). 
Collum 1 x as long as head (lateral view). Gonopod 
(removed from original slide and hence compressed 
antero-posteriorly) of medium length, extending to 
posterior edge of 5th body ring; coxa (C) stouter, shorter 
than femorite, with noticeable ridge on anterior surface; 
prefemur (PF) considerably shorter than femorite, 
ovoid; femorite (F) contributing to approximately two 
thirds or more of vertical acropodite height, upright, 
and of similar thickness along length, with distinctive 
notch (n) visible in apical third; main femoral process 
(MFP) long (as long as one quarter or more of 
solenomere length), slender, pointed, spear or flame 
shaped; second femoral process (fpl) present, arising 
close to solenomere base, pointed, banana shaped; 
prolongation of femorite apex (prof) present, sharply 
pointed; solenomere (S) long enough to form more than 
one loop or circle, generally as thick as femorite, but of 
variable thickness; solenomere tip with single broadly 
flattened end with serrations; solenomere process (spl) 
near solenomere tip, prominent, lobe-like; not pointed 
(Figures 11C-F). 

Female 

Bleached in alcohol but a broad, pale dorsal stripe 
discernible; similar in general appearance, size and 
dorsal width to <$. 

DISTRIBUTION 

This species is known only from Yalgoo (Figure 21). 

REMARKS 

The NHMW collection consists of 1 S, 1 $ and 1 set 
of unattached gonopods from Yalgoo. It is likely that 
the separate gonopods belong to the male paralectotype 
housed in the ZMB, since the paralectotype was 
collected with the lectotype and has since had its 
gonopods dissected out and removed from the ZMB 
collection. The Eradu specimens in the ZMH are 
clearly of a different species from A. fossulifrons. We 
collected Antichiropus specimens at Eradu but did not 
find A. fossulifrons but found a previously undescribed 
species. It appears that this new species is similar in 
colour to A. fossulifrons in that both have broad, pale, 
longitudinal dorsal stripes on their bodies. There are, 
however, a number of similarly marked species from 
Geraldton on the coast to Yalgoo in the east, so it seems 
likely that Attems (1911) identified the Yalgoo and 


Eradu specimens as the same species on the basis of 
colour, since he did not have males from both localities. 
Attems could not have been aware of the diversity of 
Antichiropus species in the region, nor of the limited 
distributions of most species: one could speculate that he 
believed the two localities were close enough together to 
share one species, when they are actually 170 km apart. 

As the type series of A. fossulifrons consists of two 
different species, we have selected a lectotype male 
from Yalgoo to stabilise its taxonomy as demanded 
by Article 74 of the International Code of Zoological 
Nomenclature (1999). 

Antichiropus humphreysi Shear, 1992 

Figures 4, 12, 24 

Antichiropus humphreysi Shear, 1992: 782, Figure 2. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Cave C-225, near 
Exmouth, Cape Range, North West Cape, 21°57'S, 
114°06'E, 10 July 1989, R.A. Young (WAM T23663; 
original number WAM 91/1412). 

Paratypes 

Australia: Western Australia. 1 $, same data as 
holotype (WAM T23664, original number WAM 
91/1413); 1 (f, same data as holotype (WAM T23665, 
original number WAM 91/1414). Shear’s paper also 
lists a male, same data as holotype but 30 June 1989 
(Zoologische Museum Amsterdam) as a paratype which 
was not examined for this paper. 

Other material 

Australia: Western Australia. 1 S, N-W Cape 
Peninsula, Cave C-225, near entrance, 21°56'31"S, 
114°05'39"E, 30 June 1989, M. East (WAM T24349, 
original number WAM 92/284); 1 S, Cape Range 
area, Kubura Well, cave C-27, 21°55’S, 114°07’E, 17 
June 1993, R.D. Brooks and W.F. Humphreys (WAM 
T72057); 1 S, Cape Range area, near WAWA 18 put into 
cave, C-498, 21°57’S, 114°06'E, 22 June 1993, in litter, 
W.F. Humphreys and R.D. Brooks (WAM T72058); 1 
Cape Range area, near cave C-105, 21°59'S, 114°07'E, 26 
July 1991, W.F. Humphreys (WAM T72059). 

DIAGNOSIS 

Antichiropus humphreysi may be distinguished by 
the extreme elongation of the solenomere, described by 
Shear (1992) as twice as long as the remainder of the 
acropodite (Figures 12C, D). The solenomere also has 
a characteristic flattened tip and a closely associated 
flattened solenomere process (Figure 12E). In addition, 
the prolongation of the femur is broad and bulbous 
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FIGURE 12 Antichiropus humphreysi Shear: paratype male (WAM T23664, original number WAM 91/1412) habitus: A, 
lateral view; B, dorsal view; C-F, left gonopod: C, posterior view; D, anterior view; E, medial view; j§ lateral 
view. Abbreviations: C, coxa; F femur; MFR main femoral process; PF, prefemur; prof, prolongation of femur; 
S, solenomere; spl and sp2, solenomere processes 1 and 2. Scale bars: A-B = 2 mm; C-F = 0.5 mm. 


(Figures 12C-F) and the coxa has a noticeable shelf on 
the anterior surface (Figure 12E). 

DESCRIPTION 
Male and Female 

For a verbal description see Shear (1992). Figures 12C- 
F are new images of the gonopod originally illustrated 
in Figure 2 (Shear 1992). Figures 12A-B illustrate the 
whole specimen and its dorsal view for the first time. 

DISTRIBUTION 

This species is restricted to the Cape Range region of 
WA (Figure 24). 


Antichiropus mammillifer Jeekel, 1982 

Figures 5B, 13, 25 

Antichiropus mammillifer Jeekel, 1982: 122, Figure 1. 

MATERIAL EXAMINED 
Holotype 

Australia: South Australia : S, Poochera [34°43'S, 
134°50'E], burnt out of Spinifex, 14 June 1956, G.F. 
Gross (SAM OM1389). 

Paratype: 

Australia: South Australia : 1 without data (SAM 
E220) (not examined). 
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Other material 

Australia: South Australia: 1 S, Eyre Peninsula, 27 
km S. of Cowell, 33°49'S, 136°43'E, 28 May 1979, B.Y. 
Main (WAM T72528). 

DIAGNOSIS 

The gonopods of this species are very similar in shape 
to those of an undescribed Antichiropus species found 
on the edge of the Nullarbor Plain in WA (C. Car and M. 
Harvey, unpublished data) except that A. mammillifer is 
much larger both in body and gonopods. The solenomere 
of A. mammillifer possesses a broad spoon shaped tip 
(Figures 13E, F) as do several other undescribed WA 
species, but the gonopod of A. mammillifer also carries 
a large curved bulbous femoral process (prof) that ends 
in a long sharp point (Figures 13D, E). The main femoral 
process (MFP) on the gonopod is serrated along one 
edge (Figure 13E). Antichiropus mammillifer also has 
well developed sternal processes (cones) on the fifth 
body ring (Figure 5B). 


DESCRIPTION 

Male 

For a verbal description see Jeekel (1982). Figures 
13D-G are new images of the gonopod originally 
illustrated in Figure 1 (Jeekel 1982). Figures 13A-C 
illustrate the whole specimen and its dorsal view for the 
first time. 

Female 

Unknown. 

DISTRIBUTION 

This species is restricted to the Eyre Peninsula region 
of South Australia (Figure 25). 

REMARKS 

This is the only species of the genus Antichiropus that 
has been found outside WA. It is also one of the largest 
millipedes in this genus (Figures 13A-C) matched in size 
only by A variabilis. 



FIGURE 13 Antichiropus mammillifer Jeekel, holotype male (SAM OM1389): A, head, lateral view; B, mid-body, lateral view; 

C, mid-body, dorsal view; D-G, right gonopod image flipped: D, posterior view; E, anterior view; E medial view; 
G, lateral view. Abbreviations: C, coxa; F; femur; MFB main femoral process; PR prefemur; prof, prolongation of 
femur; S, solenomere; spl, solenomere process 1. Scale bars: A = 1 mm; B-C = 2 mm; D-G = 1 mm. 
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Antichiropus minimus Attems, 1911 

Figures 14, 23 

Antichiropus minimus Attems, 1911: 173, Figure 31. 

MATERIAL EXAMINED 

Lectotype (new designation) 

Australia: Western Australia: S with gonopods 
attached: Mundaring Weir [31°57'S, 116°09'E], 
Hamburger sudwest-australischen Forschungsreise 


Station 101, 9 August 1905, W. Michaelsen and R. 
Hartmeyer (NHMW 3433). 

Paralectotypes 

Australia: Western Australia : 1 $ (gonopod only, 
slide mounted), collected with lectotype (NHMW 
3433); 1 S (badly damaged, without gonopods), 
collected with lectotype (ZMB 5153); 1 S, Jarrahdale 
[32°20'S 116°04'E], Hamburger sudwest-australischen 
Forschungsreise Station 129, 19 September 1905, W. 
Michaelsen and R. Hartmeyer (ZMH). 



FIGURE 14 Antichiropus minimus Attems: A-B, lectotype male (NHMW 3433) habitus: A, lateral view; B, dorsal view; 

C-E, left gonopod, lectotype male (NHMW 3433): C, medial; E, lateral view; D, paralectotype male (NHMW 
3433): right gonopod slide mounted medial view. C, coxa; E femur; MFB main femoral process; PE prefemur; 
prof, prolongation of femur; S, solenomere; spl, solenomere process 1. Scale bars: A = 2 mm; B = 0.5 mm; 
C-E = 0.2 mm. 
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Other material 

There are no known additional specimens. 

DIAGNOSIS 

This species is by far the smallest in the genus. It has 
a relatively simple gonopod with a curved pointed main 
femoral process, the prolongation of the femorite pointed 
and broadly triangular, and the solenomere tip with a 
small spine-like process (Figure 14D). 

DESCRIPTION 
Male (lectotype) 

Body approximately 10 mm long; midbody ring 
approximately 1 mm wide with less pronounced waist 
between prozonite and metazonite of similar width. 
Colour (of lectotype (?) bleached in alcohol; legs with 
coloration similar to that of body. Paranota on all but 
first few body rings absent (Figure 14B). Sternites, 
other than those of the 5th body ring, with no noticeable 
features; sternites of 5th body ring without obvious 
processes/tubercles; sternal lamella seemingly rounded 
(e.g. Figure 6). Anterior spiracles at midbody indistinct. 
Head smooth, without noticeable sculpturing. Frons 
smooth, with some setae. Face relatively broad; distance 
between antennal sockets (s) approximately 2.25 x 
width of antennal socket (d) (Figure 8). Antennae of 
moderate length, extending approximately to first body 
ring behind collum, antennomeres similar in width and 
relatively robust (Figure 14A). Collum 0.75 x as long 
as head (in lateral view). Gonopods of medium length, 
extending to posterior edge of 5th body ring; coxa 
(C) much more robust, probably longer than femorite; 
prefemur (PF) somewhat shorter than femorite, ovoid; 
femorite (F) contributing to approximately two thirds 
or more of vertical acropodite height, upright, relatively 
slender at base, thickest at mid length and becoming 
thinner again at apex; main femoral process (MFP) 
relatively short, slender, pointed, held at an angle of 
approximately 45° to the femorite; prolongation of 
femorite apex (prof) present on specimen as broad- 
based, triangular pointed structure but on slide 
preparation, no obvious prof; solenomere (S) relatively 
short, held in short spiral; solenomere tip with single 
apparently rounded end; solenomere process (spl) near 
solenomere tip, short, spine-like (Figures 14C-E). 

Female 

Unknown. 

REMARKS 

Only two images of the lectotype gonopods could 
be taken as they are in situ and could not be dissected 
from the body. These images do not correspond to the 
diagram in Aherns’ paper because no prolongation of the 
femur on the lectotype gonopod is evident. All existing 
specimens are, however, tiny and badly damaged. The 
slide preparation of the paralectotype gonopod clearly 
shows the femur prolongation but has flattened the 
structure so it is difficult to describe, particularly as no 


new specimens have been found. 

This species has been recorded from Mundaring 
Weir and Jarrahdale, approximately 60 km to the SSW 
(Figure 23). With a few notable exceptions, described in 
this paper, most Antichiropus species have very small 
species ranges (Harvey, 2002). Since A. minimus is a 
tiny species, we believe that records of its relatively wide 
distribution should be viewed with caution. Further, if 
another specimen from Yallingup does exist, it is highly 
unlikely that it represents A. minimus, as this locality 
is approximately 220 km SW of Jarrahdale. Only the 
collection of more specimens would resolve the issue 
of whether the existing specimens are correctly labelled 
and/or identified. 

Mesibov (2013b) lists a specimen recorded by Weidner 
(1960) from Yallingup, WA, collected by Michaelsen 
and Hartmeyer on 5 October 1905 at Station 150. This 
specimen is recorded as housed in the ZMH: MSH 
borrowed all material from ZMH and found only the 
male specimen listed above. 

Antichiropus monacanthus Attems, 1911 

Figures 15, 22 

Antichiropus monacanthus Attems, 1911: 175, figures 

34-36. 

MATERIAL EXAMINED 
Lectotype (new designation) 

Australia: Western Australia: S with gonopods 
originally removed for slide mounting but now in 
separate vial: Wooroloo [31°48'S, 116°19'E], Darling 
Ranges, 217 m, Hamburger sudwest-australischen 
Forschungsreise Station 98, 29 May 1905, W. 
Michaelsen and R. Hartmeyer (NHMW 3437). 

Paralectotypes 

Australia: Western Australia: All specimens 
collected by W. Michaelsen and R. Hartmeyer during 
the Hamburger sudwest-australischen Forschungsreise: 
1 (? gonopod only, collected with lectotype (NHMW 
3437); 1 S (with one broken gonopod), collected with 
lectotype (ZMH); 1 $ (damaged), Brown Station, Dirk 
Hartog Island [26°00'S 113°10'E], Station 67, 21 June 
1905 (ZMH); 1 juvenile, same details, but 7 -12 June 
1905 (WAM T273; original number WAM 13/7152); 1 ?, 
Tamala in Edel Land [26°41'S, 113°4FE], WA, Australia, 
Station 70, 7-8 September 1905 (ZMB 5155). 

Other material 

There are no known additional specimens. 

DIAGNOSIS 

Antichiropus monacanthus may be recognised by a 
combination of features: a very long, straight femorite 
and a solenomere tip that tends to an apical point with 
small serrations. In addition, the solenomere process is 
large and pointed with a broad base, forming a claw¬ 
like shape (Figures 15D, F) with an extra small pointed 



FIGURE 15 Antichiropus monacanthus Attems, lectotype male (NHMW 3437): A-B, habitus: A, lateral view; B, dorsal 
view; C-F, left gonopod: C, posterior view; D, anterior view; E, medial view; Fj lateral view. Abbreviations: C, 
coxa; F, femur; MFF) main femoral process; PF prefemur; S, solenomere; spl and sp2, solenomere processes 
1 and 2. Scale bars: A = 5 mm; B = 1 mm; C-F = 0.5 mm. 


process at its base. The main femoral process is long, 
relatively slender and pointed and extends at 45 degrees 
from the femorite (Figures 15C-F). 

DESCRIPTION 
Male (lectotype) 

Body approximately 35 mm long; midbody ring 
approximately 3 mm wide with distinct waist between 
prozonite and metazonite; metazonite wider than 
prozonite. Colour (of lectotype $): probably bleached 


in alcohol (Figure 15A); legs with coloration similar 
to that of body. Paranota on all but first few body 
rings absent. Sternites, other than those of 5th body 
ring, with no noticeable features; sternites of 5th body 
ring without obvious processes/tubercles; sternal 
lamella broad, mushroom shaped. Anterior spiracles 
at midbody prominent, folded. Head smooth, without 
noticeable sculpturing. Frons smooth, with some setae. 
Face narrow, cardines and stipites clearly visible when 
animal is viewed 'face on'; distance between antennal 
sockets (s) approximately 2.5 x width of antennal 
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socket (d) (Figure 8). Antennae of moderate length, 
extending approximately to first body ring behind 
collum, not obviously clavate, 5th and 6th antennomeres 
only slightly wider than proximal ones, antennomeres 
relatively robust. Collum lx as long as head (in lateral 
view) (Figures 15A, B). Gonopods of medium length, 
extending to posterior edge of 5th body ring; coxa (C) 
stouter, shorter than femorite, with noticeable ridge on 
anterior surface; prefemur (PF) considerably shorter 
than femorite, ovoid; femorite (F) contributing to 
approximately two thirds or more of vertical acropodite 
height, upright, and thickening towards its apex; main 
femoral process (MFP) long (as long as one quarter or 
more of solenomere length), slender, pointed; second 
femoral process (fpl) absent; prolongation of femorite 
apex (prof) absent; solenomere (S) relatively short, 
forming a circle, much thinner than femorite, and 
of similar thickness along its length; solenomere tip 
pointed, with serrations; solenomere process (spl) in 
apical third of solenomere, prominent, pointed, curved, 
broad; a second solenomere process (sp2) at base of main 
solenomere process, small, pointed (Figuresl5C-F). 

Female 

It seems likely that there is no female specimen 
available. 

REMARKS 

The NHMW collection consists of 1 1 set of 

unattached gonopods removed from a slide and 1 
gonopod, all from Wooroloo (Figure 22). It is likely that 
the separate pair of gonopods belong to the lectotype 
S with which they are housed, and that the single 
gonopod belongs to the paralectotype $ collected with 
the lectotype and housed in the ZMH. It is unlikely 
that the paralectotypes housed at the ZMH and WAM 
from Dirk Hartog Island and that kept at the ZMB 
from Tamala are the same species as A. monacanthus 
as both localities are at least 800 km NNW of the type 
locality (Wooroloo). These specimens are either female 
or juvenile. To date, no further specimens have been 
collected from Wooroloo despite repeated attempts. 

Antichiropus nanus Attems, 1911 

Figures, 16, 22 

Antichiropus nanus Attems 1911: 172, figures 29, 30. 

MATERIAL EXAMINED 
Lectotype (new designation) 

Australia: Western Australia: $ with gonopods 
attached: Boyanup [33°29'S, 115°43'E], Hamburger 
sudwest-australischen Forschungsreise Station 146, 
1-3 August 1905, W. Michaelsen and R. Hartmeyer 
(NHMW 3438). 

Paralectotypes 

Australia: Western Australia: 1 $ (gonopods only), 
collected with lectotype (NHMW 3438); 1 S (without 
gonopods) collected with lectotype (ZMB 5152); 1 §, 


Yallingup [33°38'S, 115°01'E], Station 150, 5 October 
1905 (ZMH). 

Other material 

Australia: Western Australia: 1 S, Boyanup picnic 
area, Preston River Bridge, 33°28'47.6"S, 115°43'59.9"E, 
30 July 2012, collected by hand from leaf litter, C.A. 
Car, G.B. Hughes, J.M. Waldock (WAM T126103); 1 <J, 
Wellington National Park, Lennard Drive, near Rapids 
Picnic Ground, 33°23'59"S, 115°57'52"E, 25 September 
2010, sifting elevated litter in jarrah forest with Agonis, 
M. Rix, J. Wojcieszek (WAM T126022); 1 d>, Ironstone 
Gully Falls, E. of Capel, 33°39'08"S, 115°42T6"E, 14 
October, 2012, in wet leaf litter in deep crack in boulder, 
J.M. Waldock, S. Hill (WAM T126112). 

DIAGNOSIS 

This small species (Figures 16A, B) is different 
because it has two processes near the tip of the gonopod 
solenomere, the smaller of which is divided into two 
distinct pointed branches, a distinctively shaped main 
femoral process (Figures 16C, D) and a large broad- 
based prolongation of the femur, leaf like in shape and 
broadly pointed at its tip (Figures 16C-F). 

DESCRIPTION 
Male (lectotype) 

Body approximately 18 mm long; midbody ring 
approximately 1.7 mm wide dorsally, with less 
pronounced waist, prozonite and metazonite of similar 
width. Colour of lectotype S bleached in alcohol; of 
recent specimen (WAM T126103) dark brown (Figures 
16A, B); legs with coloration similar to that of body. 
Paranota on all but first few body rings absent. Sternites, 
other than those of the 5th body ring, with no noticeable 
features; sternites of 5th body ring without obvious 
processes/tubercles: sternal lamella square. Anterior 
spiracles at mid-body prominent, folded. Head smooth, 
without noticeable sculpturing. Frons smooth, with some 
setae. Face narrow, the cardines and stipites clearly 
visible when the animal is viewed ‘face on’; distance 
between antennal sockets (s) approximately 1.5 x width 
of antennal socket (d) (Figure 8). Antennae of moderate 
length, extending approximately to the first body ring 
behind collum, not obviously clavate, 5th and 6th 
antennomeres only slightly wider than proximal ones, 
antennomeres relatively robust. Collum 0.75 x as long 
as head (in lateral view) (Figures 16A, B). Gonopods 
of medium length, extending to posterior edge of 5th 
body ring. Coxa (C) broader, stouter than femorite, with 
no noticeable processes; prefemur (PF) considerably 
shorter than femorite, ovoid; femorite (F) contributing 
to approximately two thirds or more of total vertical 
height of acropodite, upright, and of similar thickness 
along length; main femoral process (MFP) thick and 
long, at least half as long as solenomere, pointed, but not 
spine like, hatchet shaped; second femoral process (fpl) 
absent; prolongation of femorite apex (prof) present, 
large, broad at base, flattened, triangular in medial view; 
solenomere (S) relatively short, forming a circle, much 


REDESCRIPTIONS OF ANTICHIROPUS SPECIES 


101 



FIGURE 16 Antichiropus nanus Attems, male (WAM T126103): A-B, habitus: A, lateral view; B, dorsal view; C-F; left 
gonopod: C, posterior view; D, anterior view; E, antero-medial view of solenomere tip; F, lateral view. 
Abbreviations: C, coxa; F, femur; MFF? main femoral process; PF, prefemur; prof, prolongation of femur; S, 
solenomere; spl and sp2, solenomere processes 1 and 2. Scale bars: A = 5 mm; B = 1 mm; C-F = 0.5 mm. 


more slender than femorite, thickest at base, thinner 
midlength, becoming thicker again at tip; solenomere 
tip with no serrations, single flattened, rounded end; 
solenomere process 1 (spl) in apical third of solenomere, 
prominent, pointed, upright, slender; second solenomere 
process (sp2) in apical third of solenomere, prominent, 
pointed with two branches (Figures 16C-F). 

Female 

Probably unknown (see Remarks). 

DISTRIBUTION 

This species is confined to an area south of Perth near 
Boyanup (Figure 22). 

REMARKS 

It is unlikely that the $ collected from Yallingup is 
the same species: the distance between Yallingup and 


Boyanup is 90 km and there have been no males of the 
species collected to confirm the Yallingup identification. 
Images were taken of recently collected specimens as 
the type material is in poor condition. 

Antichiropus sulcatus Attems, 1911 

Figures 17, 22 

Antichiropus sulcatus Attems, 1911: 177, Figures 39-41. 

MATERIAL EXAMINED 

Lectotype (new designation) 

Australia: Western Australia: $ with gonopods 
attached: Guildford [31°54'S, 115°58'E], Hamburger 
sudwest-australischen Forschungsreise Station 103, 19 
May 1905, W. Michaelsen and R. Hartmeyer (NHMW 
3435). 
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Paralectotypes 

Australia: Western Australia: 1 S (damaged), 
collected with lectotype (NHMW 3435); 1 S (gonopods 
only), collected with lectotype (NHMW 3435); 1 S 
(intact), 1 $, collected with lectotype (ZMH). 

Other material 

Australia: Western Australia: 1 S, Eneabba, AMC 
Mine, 29°49'S, 115°16'E, 8 June 1988, R.P. McMillan 
(WAM T72021); 2 $, 1 9 , Eneabba, R.G.C. Mineral 
Sands mine, 29°50'S, 115°15'E, 30 May 1995, R.P. 
McMillan (WAM T72022); 1 c?, Eneabba, R.G.C. 
Mineral Sands mine, site 3, 29°56'S, 115°17'E, 5 August 
1998, PVC pitfall traps, P. West et al. (WAM T72023); 
1 same details, site 4, 29°56'S, 115°17'E, 8 August 
1998, PVC pitfall traps, P. West et al. (WAM T72024); 
1 s, 1 i 5 km NE. of Mt Lesueur, 30°09'S, 115°14'E, 
8 July 1989, by hand under blackboy log, K. Gaull et 
al. (WAM T72025); 1 S, Eneabba, R.G.C. mine site, 
rehabilitation site 3, 29°56'S, 115°17'E, 15 May 1991, 
R.P. McMillan (WAM T72026); 1 % same details, 
rehabilitation site 6, 29°56'S, 115°17'E, 21 June 1989, R. 
P. McMillan (WAM T72027); 1 S, 1 same details, 
rehabilitation site 4, 29°49'S, 115°16'E, 21 August 1991, 
R.P. McMillan (WAM T72028); 2 & Eneabba, AMC 
mine site, area #5, 29°49'S, 115°16'E, 23 November 
1987, R.P. McMillan (WAM T72029); 8 & 2 $, same 
locality, area #6, 29°49'S, 115°16'E, 8 June 1988, R. P. 
McMillan (WAM T72030); 1 S, 10 km S. of Eneabba, 
R.G.C. Mineral Sands mine, site 7, 29°56'S, 115°17'E, 
8 August 1998, P. West (WAM T72748); 2 & same 
details (WAM T72753-4); 2 S, same details, site 8 
(WAM T72749, WAM T72751); 1 S, same details, site 
3 (WAM T72750); 1 & 10 km S. of Eneabba, R.G.C. 
Mineral Sands mine, 29°56'S, 115°17'E, August 1998, P. 
West (WAM T72752); 1 S, 10 km S. of Eneabba, R.G.C. 
Mineral Sands mine, control south, 29°56'S, 115°17'E, 7 
June 1998, R.P. McMillan (WAM T72755); 1 juvenile, 
Cooljarloo Mining Lease, between Brand Highway, 
Cooljarloo Road and Wongonderrah Road, 30°40'S, 
115°25'E, 17-21 August 2007, banksia low woodland on 
sand, M. Bamford (WAM T73489); 1 S, 2 % Cooljarloo, 
260 km N. of Perth, 30°39'S, 115°22'E, October 2009, 
M. Bamford (WAM T98954, WAM T129142); 1 & 
Eneabba, 29°49'S, 115°16'E, 23-30 August 1998, pitfall 
traps, L. Bisevac (WAM T126073). 

DIAGNOSIS 

Antichiropus sulcatus has a distinctive prolongation 
of the femorite that carries a sharp point at its tip and 
appears as an asymmetrical leaf shape when viewed 
posteriorly and anteriorly (Figures 17D, E). In addition, 
the first solenomere process occurs almost halfway 
down the length of the solenomere as a broad short point 
where the solenomere thickens (Figure 17E). A second 


solenomere process occurs almost at the base of the 
solenomere but varies in size from a noticeably broad 
point to just a protuberance (Figure 17F). 

DESCRIPTION 
Male (lectotype) 

Body approximately 25 mm long; midbody ring 
between 2.0-2.5 mm wide with distinct, lightly beaded 
waist between prozonite and metazonite of similar 
width. Colour (of lectotype $): bleached in alcohol, 
but more recent specimens show variation in colour 
from uniform dark brown (WAM T72030) to dark 
brown with pale longitudinal dorsal stripes (WAM 
T72024) (Figure 17B, C); legs with coloration similar to 
general body colour. Paranota on all but first few body 
rings present only as slight protuberances. Sternites, 
other than those of 5th body ring with protuberances 
on some anterior sternites; sternites of 5th body ring 
without obvious processes; sternal lamella broad, 
square tending towards helmet shaped (e.g. Figure 6F). 
Anterior spiracles at midbody, flat, folded (e.g. Figure 
7B). Head smooth, without noticeable sculpturing. 
Frons smooth, with some setae. Face very narrow, the 
cardines and stipites clearly visible when the animal 
is viewed ‘face on’; distance between antennal sockets 
(s) approximately 1 x width of antennal socket (d). 
Antennae of moderate length, extending to first body 
ring behind collum, antennomeres of similar width to 
each other and relatively robust. Collum 0.75 x length 
of head (Figure 17A). Gonopod (removed from slide 
and hence compressed antero-posteriorly) of medium 
length, extending to posterior edge of 5th body ring; 
coxa (C) stouter but of similar length to femorite, with 
noticeable ridge on anterior surface; prefemur (PF) 
considerably shorter than femorite, ovoid; femorite 
(F) contributing approximately two thirds or more 
of vertical acropodite height, upright and thickening 
slightly towards apex; main femoral process (MFP) very 
long, at least half solenomere length, relatively slender, 
pointed, spear shaped; other femoral processes absent; 
prolongation of femorite (prof) present, large and leaf 
like with pointed apex; solenomere (S) relatively short, 
forming circle, generally more slender than femorite 
and thickest midway along its length; solenomere 
tip flattened; solenomere process (spl) positioned 
approximately halfway along solenomere length, 
prominent, short, pointed, arising at thickest point of 
solenomere; solenomere process 2 (sp2) situated near 
base of solenomere, generally a stout, short point but 
may vary and appears to be absent in some specimens 
(Figures 17D-G). 

Female 

Recently collected female specimens show a similar 
variation in colour to the males, from uniform dark 
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FIGURE 17 Antichiropus sulcatus Attems, male (WAM T72030): A-B, habitus: A, lateral view; B, dorsal view; C, male 
(WAM T72024) dorsal colour variation: D-G, lectotype male (NHMW 3435) right gonopod (image flipped): 
D, posterior view; E, anterior view; F, medial view; G, lateral view. Abbreviations: C, coxa; F femur; MFR 
main femoral process; PF prefemur; prof, prolongation of femur; S, solenomere; spl and sp2, solenomere 
processes 1 and 2. Scale bars: A = 5 mm; B+C = 1 mm; D-G = 0.5 mm. 


brown (WAM T72030) to dark brown with pale 
longitudinal dorsal stripes (WAM T72022); similar 
in length to males (approximately 25 mm) but wider 
dorsally (2.5 mm and wider). 

DISTRIBUTION 

This species has been recently found near Eneabba 
(Figure 22). The original specimens were labelled 
Guildford, but as no further specimens have ever been 
collected in this area, we consider this record to be 
doubtful (see Remarks). 

REMARKS 

The NHMW and ZMB collections consist of 
identifiable males all labelled as collected from 
Guildford, near Perth in WA. No further specimens 
have been collected from this locality, but a number of 


specimens from the same species have been collected 
recently from Eneabba and vicinity, approximately 300 
km north of Guildford, but not from the intermediate 
area. Although Michaelsen and Hartmeyer did not 
visit the Eneabba area, we believe that the Guildford 
specimens are incorrectly labelled. 

Antichiropus whistleri Attems, 1911 

Figures 5A, 18, 19, 23 

Antichiropus whistleri Attems 1911: 174, figures 32, 33. 

MATERIAL EXAMINED 
Lectotype (new designation) 

Australia: Western Australia: S (broken, with right 
gonopod missing and left broken), Buckland Hill (near 
Fremantle) [32°03'S, 115°44'E], Hamburger sudwest- 
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australischen Forschungsreise Station 114, 1 June 1905, 
W. Michaelsen and R. Hartmeyer (NHMW 3436). 

Paralectotypes 

Australia: Western Australia: 1 $, same data 
as holotype (WAM T272); 1 same data except 
21 May 1905 (ZMH); 1 $ (left gonopod intact, 
right gonopod missing), Upper Blackwood District, 
Brancaster [32°54'S, 116°34'E], 1.V.1909, J.M. Whistler 
(ZMH); 1 $ (badly disintegrated), Rottnest Island 
[31°59'S, 115°32'E], Hamburger sudwest-australischen 
Forschungsreise Station 121, 6-13 September 1905, W. 
Michaelsen and R. Hartmeyer (ZMB 5154). 

Other material 

For all other specimens of A. whistleri examined, see 
Appendix 2. 

DIAGNOSIS 

This species may be distinguished by the long straight 
gonopodal femorite that extends into a large and broadly 
rounded process with slight striations at the tip (Figures 
19A, B) and by the presence of a distinctive second 
solenomere process that characteristically bends back on 
itself in the apical third of the solenomere, almost like a 
turned back claw (Figures 19A, B). 

DESCRIPTION 
Male (lectotype) 

Body 25-30 mm long; midbody ring approximately 
2.5-3 mm wide with a lightly beaded distinct waist 
between prozonite and metazonite of similar width. 
Colour (of lectotype $) bleached by alcohol, but when 
alive, can vary from uniformly dark (WAM T130172) 
in specimens from the Perth area to dark with two pale 
dorsal stripes running the length of the body (WAM 
T126884) in specimens in the northernmost limits of 
the species range (Figures 18A, B); legs with coloration 
similar to that of general body. Paranota absent. 
Sternites, other than those of the 5th body ring, with no 
noticeable features; sternites of 5th body ring without 
obvious processes/tubercles; sternal lamella broad, 
square. Anterior spiracles at midbody prominent, folded. 
Head smooth, without noticeable sculpturing. Frons 
smooth, with some setae. Face broad, the cheeks at least 
partially obscuring the cardines, when viewed 'face on'; 
distance between antennal sockets (s) approximately 
2 x width of antennal socket (d) (Figure 8). Antennae 
of moderate length, extending approximately to 
the first body ring behind collum, the 5th and 6th 
antennomeres only slightly wider than proximal ones, 
antennomeres relatively robust. Collum 1 x as long as 
head (in lateral view) (Figures 18A, B). Gonopods of 
lectotype S damaged. Male (WAM T53595): gonopods 
of medium length, extending to posterior edge of 5th 


body ring; coxa (C) stouter, and shorter than femorite, 
with noticeable ridge on anterior surface; prefemur 
(PF) considerably shorter than femorite, ovoid; 
femorite (F) contributing to approximately two thirds 
or more of the total vertical height of the acropodite, 
upright, and thickening towards its apex. Main femoral 
process (MFP) long (as long as one quarter or more 
of solenomere length), pointed, but not spine-like, 
spear or flame shaped. No other femoral processes. 
Prolongation of femorite apex (prof) present, large, 
broadly triangular; solenomere (S): long enough to form 
more than one loop or circle, generally more slender 
than femorite; solenomere tip single, flattened, with 
no serrations. Solenomere process 1 (spl) closer to tip 
than base, prominent, pointed, curved, slender; second 
solenomere process (sp2) in apical third of solenomere, 
prominent, pointed, reminiscent of an extended thumb 
(Figures 19A-D). 

Female 

Colour, as with males, can vary from uniformly dark 
(WAM T73389) in specimens from the Perth area to 
dark with two pale dorsal stripes running the length 
of the body (WAM T126884) in specimens in the 
northernmost limits of the species range: of similar size 
to male, but slightly broader when viewed dorsally (3 
mm and wider). 

REMARKS 

The lectotype of A. whistleri has damaged gonopods 
and those of the male paralectotype cannot be dissected 
from the body for detailed examination; a more recently 
collected specimen (WAM T53595) has been used for 
three of the four gonopod illustrations instead. 

Attems (1911) lists a specimen of this species from 
Brancaster in the upper Blackwood district. It is likely 
that this specimen (ZMH) has been incorrectly identified 
as, even after extensive surveys, no specimens of A. 
whistleri have been found south of the Swan River 
which flows through the city of Perth in WA (c. 32° 
03'S, 115° 44'E) and Brancaster is 220 km south of the 
Swan River. The specimen has one missing gonopod 
and the remaining gonopod (in situ) is obscured by the 
specimen’s curled body such that the species cannot 
be positively identified. A paralectotype is also listed 
from Rottnest Island. No A. whistleri specimens have 
been collected from this island, although there is a 
different widespread undescribed species there (C. Car 
and M. Harvey, unpublished data). This paralectotype 
specimen is purportedly a female, but has disintegrated 
into tiny fragments and is impossible to identify with 
any certainty. The label accompanying this specimen 
states that the collection date was 6-13.X.1905, but 
Michaelsen and Hartmeyer (1907) recorded it as 6-13. 
IX. of that year, which appears to be the correct date. 
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Attems (1911) also listed two specimens collected at the 
same time as the lectotype from Buckland Hill, under 
the manuscript name of Antichiropus ‘michaelseni’ 
(NHMW8071, 8072). The gonopods of NHMW8071 


have been examined and are those of A. whistleri : those 
of NMHW8072 have been mounted on a slide which is 
now damaged. It seems likely that they also belong to A. 
whistleri. 



FIGURE 18 Male of Antichiropus whistleri Attems, showing colour variation: A, striped form (WAM T126884) from 
Cooljarloo, WA; B, dark form (WAM T130172) from Joondalup, WA. Scale bars = 5mm. 



FIGURE 19 Antichiropus whistleri Attems: A-C, left gonopod, male (WAMT53595): A, posterior view; B, anterior view; C, 
medial view; D, left gonopod, lateral view, lectotype male (NHMW 3436). Abbreviations: C, coxa; Fj femur; MFF) 
main femoral process; PF, prefemur; prof, prolongation of femur; S, solenomere; spl and sp2, solenomere 
processes 1 and 2. Scale bars: A = 5 mm; B = 1 mm; C-F = 0.5 mm. 
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DISTRIBUTION 

Antichiropus whistleri is a widespread species, 
ranging from 30°35'S to 32°03'S and from 115°22'E to 
115°54'E (Figure 23). No specimens have been found 
south of the Swan River, WA. 

DISCUSSION 

Although only nine Antichiropus species have been 
named in previous taxonomic work (Attems 1911; Jeekel 
1982; Shear 1992), of which A. mammillifer is the only 
species known to occur outside WA, we are now aware 
of 160 new Antichiropus species in WA. Like most 
paradoxosomatids (Car 2010; Kime and Golovatch 
2000) Antichiropus species have limited powers of 
dispersal and conservative ecological requirements. In 
addition, due to the semi-arid nature of much of WA, 
the above-ground activity of most Antichiropus species 


is limited to a very small window of opportunity when 
there is sufficient moisture for them to forage and mate. 
Antichiropus species are, consequently, short-range 
endemics with very small distributions (Harvey 2002). 
The genus is, therefore, species rich, and the gaps in the 
Antichiropus distribution map (Figure 20) suggest that 
more species are likely to be discovered. 

This paper was prepared to provide modern 
redescriptions and images of the nine previously 
named species, and to stabilise the type localities of the 
seven species described by Attems (1911) which were 
uncertain due to his (sometimes erroneous) inclusion of 
females from different localities to that of the males. In 
addition, a redefinition of the genus Antichiropus has 
been provided: this should form the basis for many more 
new Antichiropus species descriptions. A second paper 
is already in preparation to describe 30 new species 
from the Great Western Woodlands region of WA (C. 
Car and M. Harvey, unpublished data). 



FIGURE 20 Recorded distribution of the genus Antichiropus in Australia (sites represented by black dots). 
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FIGURES 21-25 Recorded distributions of described 
Antichiropus species: 21, Recorded 
distributions of Antichiropus 
fossulifrons (dotted square) and 
Antichiropus variabilis (black circles); 
22, Recorded distributions of 
Antichiropus monacanthus (black 
square), Antichiropus nanus (black 
circles) and A. sulcatus (dotted 
squares); 23, Recorded distributions 
of Antichiropus minimus (dotted 
squares) and Antichiropus whistleri 
(black circles); 24, Recorded 
distribution of Antichiropus 
humphreysi;25, Recorded distribution 
of Antichiropus mammillifer. 
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APPENDIX 1 All non-type material examined of Antichiropus variabilis. 


Australia: Western Australia: 2 $, Mundaring 
Weir [31°57'S,116°09'E], 19 October 1908, J. M. Giles 
(ZMB); 1 8, no data (WAM T338, original number 
14/995); Cottesloe [31°59’S, 115°45’E], 4 June 1913, T. 
Baker (WAM T287, original number 13/7325); 2 
specimens, Gooseberry Hill [31°57'20"S, 
116°02'52"E], 1 May 1915 (WAM T377, original 
number 15/508); 1 8, 1 Gooseberry Hill, 31°57’S, 
116°03'E, 11-16 June 1964, E.J. Car (WAM T73393); 1 
8, Kalamunda, 31°58’S, 116°03'E, 19 June 1963, J. 
Dell (WAM T72756); 1 % NW. end of Ashendon Rd, 
Kalamunda, site 2, 32°01’18"S, 116°11’22"E, 8 October 
2005, by hand, under Xanthorrhoea, G. Kendrick and 
M. Bunbury (WAM T73033); 1 Hills Forest 
Discovery Centre, Allens Rd just off Mundaring Weir 
Rd, Kalamunda, 31°56'S, 116°11'E, 16 September 
2004, by hand, M.S. Harvey (WAM T73239); 1 8, 
Kalamunda National Park, on track beside Piesse 
Brook, 31°58'S, 116°04’E, 29 August 1999, by hand, 
J.M. Waldock (WAM T73397); 1 8 ,South Bindoon, 
31°23'S, 116°05'E. (WAM T1583-5, original numbers 
27/696-8); 2 8, Forrestdale, 32°09'S, 115°56'E, 2 
August 1932, U. Skeet (WAM T2396, T2397, original 
numbers 32/1512, 32/1513); 1 8, Manjimup, 34°15'S, 
116°09'E, 1 July 1924, via Sunday Times (WAM 
T40669, original number 24/645); 3 c?, 1 ?, Norman 
Road, Cardup, site NOl, 32°16’08"S, 116°00'44"E, 16 
April - 17 June 1996, wet pitfall trap, J.M. Waldock, 
P. West and A.F. Longbottom (WAM T41669, 
T72768); 1 8, Cardup Reserve, site CR1, 32°14'35"S, 
115°59'08"E, 16 April - 17 June 1996, wet pitfall trap, 
J.M. Waldock, P. West and A.F. Fongbottom (WAM 
T72788); 1 1 $ , Cardup Reserve, site CR2, 

32°14'40"S, 115°59T5"E, 16 April -17 June 1996, wet 
pitfall trap, J.M. Waldock, P. West and A.F. 
Fongbottom (WAM T72789); 2 8, Brickwood 
Reserve, Cardup, site BR2, 32°14’02"S, 116°00’07"E, 
16 April-17 June 1996, wet pitfall trap, J.M. Waldock, 
P. West and A.F. Fongbottom (WAM T72795); 1 8, 
Kings Park, Perth, 31°57'S, 115°50'E, 14 June 2000, 
J.M. Waldock (WAM T42294); 1 8, Kings Park, near 
Saw Ave, 31°57’S, 115°50’E, 16 June 2002, by hand, 
M.S. Harvey et al. (WAM T46803); 5 8, X %. Kings 
Park, 31°57'24"S, 115°49’39"E, 14 June 2000, by hand, 
on cycleway in rain, J.M. Waldock (WAM T73382, 
T73386, T73387); 1 $, Kings Park, 31°57'19"S, 
115°50'00"E, 7 June 2007, by hand, woodland, M.G. 
Rix (WAM T94937); 1 8, Kings Park, site KP 3/9, 
31°58T5"S, 115 o 49'20"E, 28 September 1993, dry 
pitfall trap, J. Dell (WAM T72791); 1 8, Kings Park, 


Fovekin Drive, 31°58'S, 115°50'E, 25 March 1992, 
pitfall trap, burned/unlogged, R. Dixon and K. Keys 
(WAM T73123); 1 8, Kings Park, Saw Avenue bike 
path, 31°57’49.5"S, 115°49’32.4"E, 17 June 2008, by 
hand, from bike path, J. M. Wojcieszek and M.G. Rix 
(WAM T130417); Kings Park, 31°57'S, 115 o 50'E, May 
- June 1986, G. P. Hall (ANIC 1075); same details, 
September-October 1985 (ANIC 1050); same details, 
July - August 1985 (ANIC 1049); same details, July - 
August 1985 (ANIC 1048); same details, July - 
August 1985 (ANIC 1049); 1 8, Shannon State Forest, 
Mossop Road, c. 7 km W. of Mt Johnson, 34°43’10"S, 
116°31'02"E, 10 July 2003, by hand, under logs, 
jarrah/karri forest on laterite, K. Edward and R. Teale 
(WAM T54836); 1 8, 1 juvenile , Bungendore Park, 
Bedfordale, 32°10'S, 116°02'E, 17 August 2003, jarrah 
forest, T.F. Houston et al. (WAM T55928); 2 $ , 
Helena Vale (Helena Valley), 31°55’S, 116 o 02’E, 1 July 
1925, O.H. Fipfert (WAM T56288, original number 
25/491); 1 $, c. 15 km SE. of The Fakes, Yarra Road, 
site VQ9, 31°54'01"S, 116°27T4"E, 17 May 2004, S. 
Slack-Smith, G.W. Kendrick and J. Dunlop (WAM 
T60310); 1 8, Mundaring Shire, Horton Road, c. 4 km 
NE. of The Fakes, 31°52'05"S, 116°20’35"E, 28 July 

2002, jarrah regrowth, Allocasuarina frazeriana, S. 
Slack-Smith (WAM T72761); 1 8, Wungong Dam, 
scree slope above trail to dam, 32°11'45"S, 
116 o 03’37"E, 12 July 2004, under rocks, M.S. Harvey, 
J.M. Waldock, R. Engel and T. Moulds (WAM 
T62257); 1 8, Wungong Dam, outside toilets at 
carpark, 32°12'S, 116°04’E, 12 July 2004, dead on 
ground outside toilet block, J.M. Waldock; F. Harvey 
and E. Harvey (WAM T62258); 1 8, Boddington 
Bauxite Mine, site NP98A, north pit 1998 
rehabilitation, 32°55'39"S, 116°26’35"E, October 

2003, wet pitfall trap, G. Oraby (WAM T66376); 1 8, 
same details, site NP86, north pit 1986 rehabilitation, 
32°55'51"S, 116°26'41"E, October 2003 (WAM 
T66377); 2 8, same details, site WP92, west pit 1992 
rehabilitation, 32°56'01"S, 116 0 25'56"E, October 2003 
(WAM T66378); 1 juvenile, same details, site EP93, 
west pit 1993 rehabilitation, 32°56’26"S, 116°27’45"E, 
July 2003 (WAM T66379); 1 8, same details, site 
M02J, 32°55’47"S, 116°26’39"E, October 2003 (WAM 
T66380); 1 8, Whistlepipe Gully, 31°59’02"S, 
116°02T7"E, 24 July 2005, on ground, rainy day, M.S. 
Harvey and J.M. Waldock (WAM T66381); 1 8, 5 $, 
Wambyn Nature Reserve, site YO 11, wet pitfall trap, 
s 01, 02, 05, 07, 08, 31°53'46"S, 116 0 37'25"E, 20 May 
1997 - 29 September 1998, wet pitfall trap, B. Durrant 
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(WAM T72619); 6 8, 4 $,Wambyn Nature Reserve, 
site YO 10, wet pitfall trap, s 03, 05, 07, 09, 
31°54’02"S, 116°38’22"E, 22 May 1998 - 29 
September 1998, wet pitfall trap, L. King (WAM 
T72620); 9 8, 3 ?, 1 juvenile, Quarry Rd, Bald Hill 
Lookout, site JB 2, wet pitfall trap, s 1-5, 31°35'13''S, 
116°15'57"E, 15 September 1998 - 4 November 1999, 
wet pitfall trap, P. Van Heurck (WAM T72621); 4 & 
Quarry Rd, Avon River North Bank, site JB 1, 
31°34'46"S, 116°15'48"E, 15 September 1998 - 4 
November 1999, wet pitfall trap, P. Van Heurck 
(WAM T72622); 1 8, 1 % Julimar Conservation Park, 
North, site JB 13, 31°21'21"S, 116°13'04"E, 15 
September 1998 - 4 November 1999, wet pitfall trap, 
B. Durrant (WAM T72623); 2 8, 3 % 1 juvenile , 
Julimar, Cooks Road, East, site JB 9, wet pitfall trap, s 
1-5x2, 31°27'03"S, 116°16'22"E, 15 September 1998 - 
4 November 1999, wet pitfall trap, P. Van Heurck 
(WAM T72624); 1 8, 1 ?, Julimar Conservation Park, 
NE., site JB 8, 31°23'59"S, 116°19'06"E, 15 September 

1998 - 4 November 1999, wet pitfall trap, B. Durrant 
(WAM T72625); 1 8, Julimar Conservation Park, 
North., site JB 12, 31°24'06"S, 116°09'49"E, 15 
September 1998 - 4 November 1999, wet pitfall trap, 
N. Guthrie (WAM T72626); 1 8, Attunga Road, 
Skeleton Block, Dryandra, site NR03, 32°46'58"S, 
116 0 51'54"E, 16 September 1998, wet pitfall trap, L. 
King (WAM T72627); 1 8, Wandering Road, East, 
site NR5, 32°51'16"S, 116°49'45"E, 2 June 1998 - 16 
September 1998, wet pitfall trap, L. King (WAM 
T72628); 3 8, 2 $, Drummond Nature Reserve, 
North, site JB 7, 31°18'37"S, 116°23'59"E, 15 
September 1998 - 4 November 1999, wet pitfall trap, 
P. Van Heurck (WAM T72629); 1 8, Catchment Road, 
site YO 05, wet pitfall trap, s 01, 03, 05, 06, 09, 
32°05'43"S, 116°38'27"E, 26 May - 5 Novemberl998, 
wet pitfall trap, P. van Heurck and N. Guthrie (WAM 
T72630); 2 8, 1 juvenile, Boolading Nature Reserve, 
North, site DA 1, 33°21'22"S, 116°37'07"E, 15 October 

1999 - 1 November 2000, wet pitfall trap, P. Van 
Heurck et al. (WAM T72631); 1 8, 5 juveniles, 
Hillman Nature Reserve, NNE. of Darkin, site DA 11, 
wet pitfall trap, s 5+5, 33°17'53"S, 116°46’19"E, 15 
October - 2 December 2000, wet pitfall trap, P. Van 
Heurck et al. (WAM T72632); 1 8, 10 Mile Hill, site 
JB 5, wet pitfall trap, s 1-5, 31°38’10"S, 116°25'56"E, 
15 September 1998 - 4 November 1999, wet pitfall 
trap, L. King (WAM T72633); 1 8, St Ronans Nature 
Reserve, South, site YO 13, 31°53'01"S, 116°35'20"E, 
26 May 1998 - 29 November 1998, wet pitfall trap, P. 
Van Heurck (WAM T72634); 1 <J, 1 ^ St Ronans 
Nature Reserve, North, site YO 12, 31°52'30"S, 
116°36'10"E, 26 May 1998 - 29 November 1998, wet 


pitfall trap, P. Van Heurck (WAM T72635); 1 8, 
Parmelia, 15 Sicklemore Road, 32°14'S, 115°50'E, 26 
June 2003, A. E. de Jong (WAM T72636); 1 8, same 
details, 1 August 2002 (WAM T72637); 1 8, same 
details, 9 July 1996 (WAM 73111); 1 1 juvenile, 

near Jarrahdale, 32°17’19"S, 116°06’04"E, 2 June 2001, 
by hand, E. S. Volschenk (WAM T72638, T72639); 1 
8, near Jarrahdale, 32°17'42"S, 116°08'18"E, 2 June 
2001, by hand, E. S. Volschenk (WAM T72640); 2 $, 
near Jarrahdale, 32°17'35"S, 116°10'40"E, 2 June 2001, 
by hand, E. S. Volschenk (WAM T72641); 1 $, 
Jarrahdale Mine Area, site 94F4d3, 32°16’01.8"S, 
116°04'10"E, April 1998, pitfall trap, L. Ashby (WAM 
T72642); 1 Jarrahdale Mine Area, site 94F4a6, 
32°16’01.8"S, 116°04’10"E, April 1998, pitfall trap, L. 
Ashby (WAM T72643); 1 juvenile, Jarrahdale Mine 
Area, site 91F3c5, 32°17'35"S, 116°10'39.8"E, April 
1998, pitfall trap, L. Ashby (WAM T72644); 1 $, 
Jarrahdale Mine, 32°14’S, 116°06 , E,.VI.1997, October 
1997, pitfall trap, K.E.C. Brennan (WAM T72645); 4 
8, 1 $, 5 juveniles, 1 km SE. of Jarrahdale, 
Mundlinup State Forest, 32°22'22.3"S, 116°04’30.6"E, 
15 July 2012, by hand, fallen logs, C.A. Car and N.G. 
Car (WAM T126045); 1 8, Lane Pool Reserve, 
32°47'S, 116°04'E, 15 August 1987, O. Mueller (WAM 
T72757); 1 8, Lane Poole Reserve, adjacent to Nanga 
Rd.32°47'29.2"S, 116°05'20.2"E, 13 July 2008, by 
hand, from leaf litter, J. M. Wojcieszek and M.G. Rix 
(WAM T130419); 3 8, 2 $, 1 juvenile, Mount Cooke, 
32°24'S, 116°18'E, 31 March 1968, collected with 
Urodacus novaehollandiae and U. planimanus, E.G. 
Cockett (WAM T72759); 1 8, Mount Cooke, 32°25’S, 
116°18'E, 31 July 1991-19 September 1991, hand 
collected, M.S. Harvey and J.M. Waldock (WAM 
T73117); 1 f^l same details, pitfall traps site 1 (WAM 
T73118); 2 $, 1 juvenile, same details, pitfall traps site 
3, 24 April - 15 May 1991 (WAM T73119); 2 8,2 % 1 
juvenile, Mt Cooke, near summit, 32°25'S, 116°18'E, 7 
August 1990, M.S. Harvey, J.M. Waldock and M. 
Peterson (WAM T73120); 2 8, 2 Mount Cooke, 
32°25'S, 116°18'E, 19 September 1991, J.M. Waldock 
and C.A. Car (WAM T73121); 1 8, Mount Cooke, 
32°24'S, 116°18'E, 20 July 2002, M.S. Harvey, M.G. 
Rix and M.E. Blosfelds (WAM T73358); 4 8, 1 9 , 
same details, 30 July 2002 (WAM T112669, T112670); 
1 8, Mt Cooke, SW. of slopes, 32°25'S, 116°18'E, 29 
July 2000, by hand, under granite slabs, J.M. Waldock 
and S. Slack-Smith (WAM T73403); 1 8, Tenilba 
Park, 31°46'S, 116°28'E, 9 May 1992, K. Aplin et al. 
(WAM T72760); 1 8, Ridge Hill Road, Bushmead, 
site BM2, 31°55’56"S, 116°02’22"E, 21 August 1996, 
hand collecting, M.S. Harvey(WAM T72762); 1 $, 
Topher/Darkin Roads junction, c. 2 km SW. of Darkin 
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Swamp, 32°05'S, 116°23'E, 2 October 1995, J.M. 
Waldock (WAM T72763); 1 ?, base of Mt Dale, W. 
side, 32°08'S, 116°18’E, 27 September 1998, by hand, 
J.M. Waldock et al. (WAM T72764), 1 $, S. base of 
Mt Dale, 32°08’S, 116°18'E, 30 September 1991, by 
hand, J.M. Waldock (WAM T73126); 1 8, c. 13 km 
SE. of Mt Dale, near water point on Running Brook 
Rd, 32°12'S, 116°25'E, 27 September 1999, by hand, 
found dead, J.M. Waldock (WAM T73127); 1 g| 
granite outcrop along S. edge of Beraking Brook, 
Smith Rd, c. 6.5 km SE. of Mt Dale, 32°08'S, 
116°21'E, 26 September 1999, by hand, found dead on 
track, J.M. Waldock (WAM T73131); 3 8, 8 $, Talbot 
Road Reserve, site TR1, 31°52'05"S, 116°03'04"E, 28 
July - 23 September 1993, wet pitfall trap, J.M. 
Waldock, et al. (WAM T72758); 2 8, 2 $, 1 juvenile, 
same locality, 24-29 August 1993, dry pitfall trap, J. 
Dell (WAM T72771); 1 8, Talbot Road Reserve, site 
TR2, 31°52'25"S, 116°03'03"E, 28 July-23 September 
1993, wet pitfall trap, J.M. Waldock, A. Sampey and 
A. Thorpe (WAM T72769); 1 8 , same locality, 24 
June - 28 July 1993, wet pitfall trap, M.S. Harvey and 
J.M. Waldock (WAM T72770); 1 8, 2 juveniles, 
Talbot Road Reserve, site TR4, 31°52'23"S, 
116°02’46"E, 24 June - 28 July 1993, wet pitfall trap, 
M.S. Harvey and J.M. Waldock (WAM T72772); 1 8, 
Wexcombe, W. side of Talbot Road, outside NE. 
corner of Reserve, 31°52’S, 116°03'E, 10 May - 24 
June 1993, wet pitfall trap, M.S. Harvey and J.M. 
Waldock (WAM T72793); 2 8, 2 $, Talbot Road 
Reserve, SE. section, site POI190, 31°52’24"S, 
116°02'54"E, 28 July 2002, M.S. Harvey and J.M. 
Waldock (WAM T97959-63); 1 juvenile, same 
locality, site POI189, 31°52'21"S, 116°02’52"E, 28 July 
2002, M.S. Harvey and J.M. Waldock (WAM 
T97964); 1 8, Talbot Road Reserve, Stratton, Perth, 
31°52'04"S, 116°03’02"E, 31 May 2007, by hand, M.G. 
Rix (WAM T94936); 1 8, Wandoo National Park, off 
Talbot West Rd, 31°58'34.7"S, 116°32'50.9"E, 1 
September 2008, by hand, from leaf litter, J.M. 
Wojcieszek and M.G. Rix (WAM T130421); 1 §- 
Rushton Road Reserve, Martin, site RR2, 32°03'54"S, 
116 o 01'03"E, 5 May 1997, hand collecting, underneath 
pitfall trap, J.M. Waldock (WAM T72773); 1 8, same 
locality, 16 April - 17 June 1996, wet pitfall trap, J.M. 
Waldock, P. West and A.F. Longbottom (WAM 
T72778); 2 Q, Rushton Road Reserve, Martin, site 
RR1, 32°03'50"S, 116 o 0T08"E, 16 April - 17 June 
1996, wet pitfall trap, J.M. Waldock, P. West and A.F. 
Longbottom (WAM T72779); 1 8, f f, Martin, 20 
Milleara Road, 32°05T0"S, 116°0E28"E, 15 June 2010, 
under rock, M.L. Moir (WAM T 119344); 1 8, Perth 
Airport, site PA8, 31°58'36"S, 115°58'28"E, 24 


September - 18 November 1993, wet pitfall trap, J.M. 
Waldock, et al. (WAM T72780); 1 8, Perth Airport, 
site PA6, 31°58’05"S, 115°58’05"E, 28 July - 23 
September 1993, wet pitfall trap, J.M. Waldock, et al. 
(WAM T72781); 1 8, Perth Airport, site PA7, 
31°58’34"S, 115°58’25"E, 24-29 August 1993, dry 
pitfall trap, J. Dell (WAM T72646); 1 8, same 
locality, 10 May - 24 June 1993, wet pitfall trap, J.M. 
Waldock, et al. (WAM T72782); 2 8, 1 ?, 2 juveniles, 
same locality, 28 July - 23 September 1993, wet pitfall 
trap, J.M. Waldock, et al. (WAM T72783, T72784); 1 

8, Perth Airport, site PA8, 31°58’36"S, 115°58’28"E, 
24-29 August 1993, dry pitfall trap, J. Dell (WAM 
T72785); 1 $, same locality, 18-31 October 1993, dry 
pitfall trap, J. Dell (WAM T72786); 1 8, 1 juvenile , 
same locality, 28 July - 23 September 1993, wet pitfall 
trap, J.M. Waldock (WAM T72787); 2 8, Perth 
Airport, NE. side of International runway, 31°56'S, 
115°58'E, 26 June 1987, banksia woodland on sand, J. 
Dell (WAM T73114); 2 8, Marangaroo Reserve, site 
MR2, 31°49’38"S, 115°50’04"E, 1-15 October 1995, 
dry pitfall trap, J. Dell (WAM T72792); 1 $, Hartfield 
Park, Forrestfield, site HF1, 32°00'00"S, 115°59'43"E, 
5 May 1997, J.M. Waldock (WAM T72794); 1 8, 
Worsley Alumina Project, Mt Saddleback area, trap 1, 
32°58'S, 116°27'E, July 1980, by hand, under log, D. 
Halford and M. Sawle (WAM T72850); 1 8, 1 ?, same 
locality, Tunnell Road, July 1980, small pitfall trap, D. 
Halford and M. Sawle (WAM T72851); 1 juvenile, 
same locality, Tunnell Road, 17 July 1980, by hand, in 
litter, wandoo, D. Halford and M. Sawle (WAM 
T72855); 1 §, same locality, PIL H, 28 October 1980, 
pitfall trap, D. Halford and M. Sawle (WAM T72852); 
1 $, same locality, trap 3, 3 July 1980, by hand, under 
log, D. Halford and M. Sawle (WAM T72853); 2 8, 
same locality, TL 9, Forty Hollow Road, July 1980, 
large pitfall trap, D. Halford and M. Sawle (WAM 
T72854); 1 juvenile, same locality, PIL G, 28 October 
1980, pitfall trap, D. Halford and M. Sawle (WAM 
T72856); 2 8, same locality, trapline 7, 19 July 1980, 
by hand, under logs, jarrah, D. Halford and M. Sawle 
(WAM T72857); 1 8, 1 9, SW. of Boddington, 
Worsley Alumina, Overland conveyor belt, Harvey- 
Quindaning Road, transfer point, 33°03'S, 116°09'E, 
18 June 2006, night shift, J. Hynes (WAM T77050); 1 

9, Worsley Alumina, Overland conveyor belt #1, line 
stand 4425, 33°00’S, 116°16'E, 9 July 2006, night 
shift, J. Hynes (WAM T77051); 3 8, 1 juvenile, same 
locality, line stand 116 to 850, 32°58'S, 116°21’E, 7 
July 2006, night shift, J. Hynes (WAM T77961); 1 8, 
same locality, line stand 242, 32°59'S, 116°20'E, 22 
May 2006, night shift, J. Hynes (WAM T77962); 1 8, 
Worsley Alumina Overland Conveyor Belt, SW. of 
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Boddington, conveyor #2, 33°04'15"S, 116°09'25"E, 8 
June 2007, by hand, night shift, J. Hynes (WAM 
T87169); 1 8, 3 juveniles, same locality, conveyor #1, 
32°56'39"S, 116°26'51"E, 3 June 2007, by hand, night 
shift, J. Hynes (WAM T87170); 1 8, 16.3 km W. of 
Quindanning, Worsley Alumina conveyor #1, 
32°57'04"S, 116°25'49"E, 31 July 2009, at night, J. 
Hynes (WAM T99497); 1 8, W. of Boddington, 
Worsley Alumina Overland Conveyor Belt, conveyor 
#2, line stand 8431, 33°12'S, 116°04'E, 26 July 2006, 
night shift, J. Hynes (WAM T99955); 1 8, SW. of 
Boddington, Worsley Alumina, Overland Conveyor 
Belt #1, line stand 116 to 850, 32°58'S, 116°21’E, 7 
July 2006, night shift, J. Hynes (WAM T112616); 1 8, 
Boddington Bauxite Mine, site M02J, 32°55'47"S, 
116°26'39"E, April 2003, wet pitfall trap, G. Oraby 
(WAM T73262); 4 8, Boddington Bauxite Mine, site 
EP86, east pit, 1986 rehabilitation, 32°56’S, 116°28'E, 
July 2003, wet pitfall trap, G. Oraby (WAM T73263); 
1 8, Gosnells Quarry, 32°05'S, 116°00'E, 24 July 
1988, by hand, J.M. Waldock (WAM T73112); 1 8, 
Roleystone, 110 Brookton Highway, 32°07'S, 
116°04'E, 22 June 1997, T. McNamara (WAM 
T73113); 3 8, 5 9 , Walyunga National Park, 31°43’S, 
116°04'E, 4 May 1989, M. Archer and E. Jefferys 
(WAM T73115); 1 8, 4 $, 6 km SW. of Gidgegannup, 
31°20'S, 116°08'E, 6 May 1989, by hand, W.A. 
Arachnology Group (WAM T73116); 1 8 , Avon Valley, 
31°37'S, 116°12'E, June 1997, F. Turnbull (WAM 
T73122); 1 8, Salter Point, 32°01'S, 115°52'E, 18 June 
1979, L.E. Koch (WAM T73125); 1 8, Serpentine 
National Park, Serpentine Falls, northern hillside, 
32°22'S, 116°00'E, 27 July 1969, by hand, G.W. 
Kendrick and S.M. Slack-Smith (WAM T73128); 1 8, 
Serpentine Falls National Park, uphill from Falls Rd 
car park, 32°22'01"S, 116°00'28"E, 13 May 2007, by 
hand, from leaf litter, J. M. Wojcieszek and M.G. Rix 
(WAM T 130423); 1 8, Serpentine National Park, 
Serpentine Falls, northern hillside, 32°22'S, 116°00'E, 
6 August 2005, M.S. Harvey, C. Buddie, F. Harvey 
and E. Harvey (WAM T76136); 2 9, Serpentine Falls 
National Park, 32°22'01"S, 116°00'28"E, 16 May 2007, 
by hand, open jarrah forest, J.M. Wojcieszek and M.G. 
Rix (WAM T102750, T102751); 1 8 , same locality, 9 
June 2007, by hand, open jarrah forest, J.M. 
Wojcieszek and M.G. Rix (WAM T102752); 1 8, 
Hovea, 31°53’S, 116°06’E, 21 June 1993, A. Sampey 
(WAM T73129); 1 8, Blackboy Ridge, Chittering 
Road, SW. of Bindoon, 22 June 1997, by hand, on 
grass, J.M. Waldock (WAM T73130); 1 8 , Sullivan 
Rock, 19.6 km N. of North Bannister, 32°24'S, 
116°27'E, 9 July 1978, by hand, M. Colreavy (WAM 
T73132); l 8, 2 juveniles, Fogue Brook Dam Road, 


33°00'S, 115°59'E, 31 August 2005, under granite, P.J. 
Mann (WAM T73265); 1 8, Wandering Shire, 32°41'S, 
116°40'E, 24 August 1969, by hand, D.S. Adair (WAM 
T73392); 1 8, Red Hill, Toodyay Road, Hanson's 
Quarry Site, 31°50'S, 116°05'E, 16 May 2007, amongst 
granite boulders, M. Bamford and I. Harris (WAM 
T82716); 1 9> Toodyay Road, Boral Gidgegannup 
Quarry, 31°49'38.1"S, 116°05'36.2"E, 27 September 

2007, under granite, M. Bamford and W. Bancroft 
(WAM T82717); 4 8, W. of Collie, Arklow/Scar Road, 
33°16T2.61"S, 116°06'02.99"E, 21 - 27 May 2007, W. 
Bancroft (WAM T83391); 1 8, 1 ?, Centaur Road, c. 
20 km SSE. of Collie, 33°27'40"S, 116°20'32"E, 9 
September 2008, part cleared near wetland, M.J. 
Bamford et al. (WAM T92447); 1 8, Westralia 
Conservation Park, west of Collie, 33°20'41"S, 
116 o 06'29"E, 27 April 2008, by hand, from leaf litter, 
J. M. Wojcieszek and M.G. Rix (WAM T130418); 7 8, 
5 9, Pearce Airforce Base, 31°29'14.10"S, 
116°06'57.72''E, 23 June - 8 August 2008, wet pitfall 
trap, J. Nolthenous and F. Bochari (WAM T108475); 
10 8, 4 9, 5 juveniles, Pearce Airforce Base, 
31°31T8.36"S, 116°0r32.40"E, 23 June - 8 August 

2008, wet pitfall trap, J. Nolthenous and F. Bochari 

(WAM T108914, T109216); 7 3 % 3 juveniles, 

Pearce Airforce Base, 31°31T4.64"S, 116°01'49.32"E, 
23 June - 8 August .2008, wet pitfall trap, J. 
Nolthenous and F. Bochari(WAM T109217); 1 8, 
Mirrabooka, 31°51'35"S, 115°51'43"E, 13 July 2010, 
hand collecting, C.A. Car (WAM T111730); 1 8, 
Waterman, Star Swamp, 31°50'58"S, 115°45'47"E, 2 
October 2010, C.A. Car (WAM T111731); 2 8, Bibra 
Fake, Kwinana Freeway S. of Roe Highway 
intersection, 32°05'18.80"S, 115°51T4.78"E, 19-25 
September 2010, foraging, J. Clark (WAM T112293); 2 
individuals, Bibra Fake, NE. of Bibra Fake at Bibra 
Rd, 32°05'37.05"S, 115°49T1.47"E, 18-24 July 2010, 
dry pitfall trap, J. Clark (WAM T112294); 3 
individuals, same locality, 19-25 September 2010, 
foraging, J. Clark (WAM T112299); 1 8, same 
locality, 11-17 August 2010, dry pitfall trap, J. Clark 
(WAM T112305); 1 9 , same locality, 17-22 May 2010, 
dry pitfall trap, J. Clark (WAM T112307); 3 
individuals, Bibra Fake between Hope Rd and 
Farrington Rd, 32°04’53.67"S, 115°50'07.61"E, 19-25 
September 2010, foraging, J. Clark (WAM T112295, 
T112300); 2 8, same locality, 15-20 February 2010, 
dry pitfall trap, J. Clark (WAM T112301); 2 
individuals, Bibra Fake, E. of North Fake (Farrington 
Rd), 32°04'35.56"S, 115°49'47.28"E, 11-17 August 
2010, dry pitfall trap, J. Clark (WAM T112296); 2 9 , 
same locality, 18-24 July 2010, dry pitfall trap, J. 
Clark (WAM T112310); 5 8, 1 9 , Bibra Fake, N. of 
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Hope Rd, 32°05'04.32"S, 115°49’49.55"E, 18-24 July 
2010, dry pitfall trap, J. Clark (WAM T112297); 1 
juvenile, Bibra Lake, Kwinana Freeway, S. of Roe 
Highway intersection, 32°05'18.80"S, 115°5H4.78"E, 
11-17 August 2010, dry pitfall trap, J. Clark (WAM 
T112303); 7 8, 3 $, same locality, 29 March - 4 May 
2010, dry pitfall trap, J. Clark (WAM T112309); 1 8,1 
Bibra Lake, W. side, N. of Gwilliam Drive, 
32°05’25.48"S, 115°49’09.65"E, 18-24 July 2010, dry 
pitfall trap, J. Clark (WAM T112311, T112312); 6 8, 1 
Beeliar Regional Park, NE. of South Lake, 
32°05'14.24"S, 115°47'57.23"E, 18-24 July 2010, dry 
pitfall trap, J. Clark (WAM T112308); 1 8, Bibra Lake 
Bushland, Beeliar Wetlands, north-west of Bibra 
Lake, 33°17'23"S, 116°05'36"E, 11 June 2008, by hand, 
from leaf litter, J. M. Wojcieszek and M.G. Rix 
(WAM T130424); 4 8, 3 ?, Coolbellup, Stock Rd @ 
Forrest Rd intersection, 32°05'14.24" S, 
115°47'57.23"E, 17-22 May 2010, dry pitfall trap, J. 
Clark(WAM T112298); 1 8, 2 $, 4 juveniles, same 
locality, 11-17 August 2010, dry pitfall trap, J. Clark 
(WAM T112304); 3 8, 1 Coolbellup, Stock Rd @ 
Forrest Rd intersection, 32°06'12.66"S, 
115°48'51.45"E, 11-17 August 2010, dry pitfall trap, J. 
Clark (WAM T112306); 1 8, Lesmurdie, Mundy 
Regional Park, near Lions Lookout, 32°00'52"S, 
116°02'06"E, 28 August 2010, C.A. Car (WAM 
T112866); 1 % 6 km SW. of Gidgegannup, 31°20’S, 
116°08'E, 6 May 1989, by hand, W.A. Arachnology 
Group (WAM T112927); 1 $, Mundaring, 31°54'S, 
116°10'E, 15 August 1912, W. B. Alexander (WAM 
T221, original number 12/5148); 1 8, rock pools on 
Helena River, c. 4 km W. of Mundaring Weir, 31°57'S, 
116°09'E, 19 June 1999, J.M. Waldock and A. Sampey 
(WAM T73124); 1 8, 1 f* Mundaring State Forest, off 
Mundaring Weir Road, 31°58'S, 116°07'E, 16 August 
2008, hand collected, leaf litter, J. M. Wojcieszek and 
M.G. Rix (WAM T115244); 1 8, 1 $, Mundaring State 
Forest, off Mundaring Weir Road, 31°58'16"S, 
116°06'27"E, 29 May 2008, by hand, leaf litter, J. M. 
Wojcieszek and M.G. Rix (WAM T118988, T118990); 
1 $, Mundaring State Forest, off Mundaring Weir 
Road, 31°58'03"S, 116°07’08"E, 16 August 2008, by 
hand, leaf litter, J. M. Wojcieszek and M.G. Rix 
(WAM T118989); 1 8, Marradong forest block, N. of 
Marradong, 32°49'52.00"S, 116°25'50.64"E, 17 
October 2011, wet pitfall trap, plain, P.R. Langlands 
(WAM T117881); 1 8, same locality, 17 October 2011, 
foraging, plain, P.R. Langlands (WAM T117913: 2 8, 
1 1 juvenile, same locality, 7 September 2011, 

foraging, plain, P.R. Langlands (WAM T117890, 
T117894); 6 8, 1 ?, 1 juvenile, same locality, 17 
October 2011, wet pitfall trap, plain, P.R. Langlands 


(WAM T117897, T117900, T117906); 2 8, 3 juveniles, 
Marradong forest block, NW. of Marradong, 
32°49'12.24"S, 116 0 24’56.31"E, 7 September 2011, 
foraging, swale, P.R. Langlands (WAM T117884); 1 8, 
1 $, 2 juveniles, same locality, 17 October 2011, wet 
pitfall trap, swale, P.R. Langlands (WAM T117885, 
T117899); 1 8, same locality, 7 September 2011, 
foraging, swale, P.R. Langlands (WAM T117901); 2 $, 
same locality, 7 September 2011, litter sifting, swale, 
P.R. Langlands (WAM T117903); 1 $, same locality, 

17 October 2011, foraging, swale, P.R. Langlands 
(WAM T117905); 1 8, same locality, 17 October 2011, 
wet pitfall trap, swale, P.R. Langlands (WAM 
T117911); 5 8, Mooradung Nature Reserve, 
32°53'55.64"S, 116°33'32.19"E, 18 October 2011, wet 
pitfall trap, undulating plain, P.R. Langlands (WAM 
T117882, T117896, T117908); 1 juvenile, same locality, 

18 October 2011, foraging, undulating plain, P.R. 
Langlands (WAM T117891); 1 % Forest block, N. of 
Mount Saddleback, 32°55'58.94"S, 116 0 26'41.91"E, 6 
September 2011, foraging, swale, P.R. Langlands 
(WAM T117886); 2 8, 2 $, same locality, 17 October 
2011, wet pitfall trap, swale, P.R. Langlands (WAM 
T117887, T117893); 1 8, same locality, 17 October 
2011, foraging, swale, P.R. Langlands (WAM 
T117898); 1 8, 1 $, same locality, 6 September 2011, 
foraging, swale, P.R. Langlands (WAM T117892, 
T117907); 1 juvenile, Forest block, N. of Mount 
Saddleback, 32°55'58.94"S, 116°26'41.91"E, 6 
September 2011, litter sifting, swale, P.R. Langlands 
(WAM T117910); 1 8, 1 ?, Forest block, NNW. of 
Mount Saddleback, 32°54'29.49"S, 116°25’9.04"E, 17 
October 2011, wet pitfall trap, mid-slope, P.R. 
Langlands (WAM T117914); 1 9 , George block, 
WNW. of Mount Saddleback, 32°53'51.77"S, 
116°22'29.79"E, 8 September 2011, foraging, plain, 
P.R. Langlands (WAM T117889); 1 juvenile, same 
locality, 18 October 2011, wet pitfall trap, plain, P.R. 
Langlands (WAM T117912); 1 8, 1 juvenile, Forest 
block, SE. of Mount Saddleback, 32°58’4.94"S, 
116°27'17.62"E, 17 October 2011, foraging, mid-slope, 
P.R. Langlands (WAM T117904, T117909); 1 8, same 
locality, 17 October 2011, wet pitfall trap, mid-slope, 
P.R. Langlands (WAM T117915); 1 8, Forest block, N. 
of Quindanning, 32°59'30.59"S, 116 0 33'29.18"E, 18 
October 2011, wet pitfall trap, swale, P.R. Langlands 
(WAM T117895); 1 9 , Forest block, NNW. of 
Quindanning, 32°58'18.34"S, 116°30'52.76"E, 8 
September 2011, foraging, swale, P.R. Langlands 
(WAM T117902); 2 same locality, 32°45’58.5"S, 
116°23'33.2"E, 18 August 2011, hand collection, 
wandoo woodland, A. Rakimov (WAM T119587, 
T119588); 1 8, same locality, 32°45'22.5"S, 
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116°17'30.4"E, 19 August - 27 September 2011, wet 
pitfall trap, jarrah/marri, A. Scarfone (WAM 
T119595); 1 8, same locality, 32°41'43.9"S, 
116°25'33.7"E, 19-23 August 2011, wet pitfall trap, 
pine plantation, A. Scarfone (WAM T119598); 1 8, 1 
?, same locality, 32°39’52.3"S, 116°25’8.8"E, 19 
August - 27 September 2011, wet pitfall trap, jarrah/ 
marri, A. Scarfone (WAM T119602, T119603); 1 9 , 
same locality, 32°39’45.3"S, 116°23'31.7"E, 23 August 
2011, hand collection, granite outcrop, A. Rakimov 
(WAM T119608); 1 juvenile, same locality, 
32°39'5.6"S, 116°25'44.9"E, 23 August 2011, hand 
collection, pine plantation, A. Rakimov (WAM 
T119609); 1 8, 3 ?, same locality, 32°39'55.8"S, 
116°25'43.3"E, 23 August 2011, hand collection, 
wandoo woodland, A. Rakimov (WAM T119610, 
T119611); 1 <?, 3 H same locality, 32°41'9.9"S, 
116°27'10.6"E, 17 August 2011, hand collection, 
granite outcrop, A. Rakimov (WAM T119615, 
T119616, T119619); 1 8, same locality, 32°41'22.5"S, 
116°19 , 12.6"E, 18 August 2011, hand collection, 
wandoo woodland, A. Rakimov (WAM T119622); 1 
$, same locality, 32°43T3.9"S, 116°25'46.7"E, 23 
August 2011, hand collection, wandoo woodland, A. 
Rakimov (WAM T119624); 2 same locality, 
32°38'01.3"S, 116°26'24.5"E, 23 August 2011, hand 
collection, granite outcrop, A. Rakimov (WAM 
T119635, T119636); 1 8, same locality, 32°38’01.3"S, 
116°26'24.5''E, 19 August - 27 September 2011, wet 
pitfall trap, granite outcrop, A. Scarfone (WAM 
T119638); 1 8, 4 ?, same locality, 32°45'5.4"S, 
116°23'35.6''E, 19 August - 27 September 2011, wet 
pitfall trap, jarrah/marri, A. Scarfone (WAM T119645, 
T119647); 1 8, same locality, 32°46'42.2"S, 
116°19’49.5"E, 20 August 2011, hand collection, 
sheoak, A. Rakimov (WAM T 119650); 1 8, same 
locality, 32°41’47.6"S, 116°20’01.7"E, 21 August 2011, 
hand collection, jarrah/marri, A. Rakimov (WAM 
T119664); 1$, same locality, 32°41'47.6"S, 
116°20'01.7"E, 19 August - 27 September 2011, wet 
pitfall trap, jarrah/marri, A. Scarfone (WAM 
T119667); 1 $, 1 juvenile, same locality, 32°40'45.4"S, 
116°27'28''E, 21 August 2011, hand collection, wandoo 
woodland, A. Rakimov (WAM T119676); 1 fj| same 
locality, 32°39'52.3"S, 116°25'8.8"E, 19 August -27 
September 2011, wet pitfall trap, jarrah/marri, A. 
Scarfone (WAM T119696); 1 8, Perth, Boya, 
31°56'02.3"S, 116°03'34.8"E, 14 September 2012, by 
hand, walking on path, C.A. Car (WAM T124438); 1 
8, Thomsons Lake Nature Reserve, path south of 
Senecio Lane, 32°08T4"S, 115°49'28"E, 6 June 2007, 
sifting leaf litter, M.G. Rix (WAM T124539); 1 8, 
Brookdale, 32°09'21"S, 115°57'40"E, 6 September 


2006, wet pitfall trap, Corymbia calaphylla, 
Melaleuca spp., J. Oats (WAM T126009); 1 8 , Buller 
Nature Reserve, 9.5 km SW. of Waroona, 32°52’04"S, 
115°49'43"E, 22 June 2007, sifting leaf litter, M.G. Rix 
(WAM T126026); 1 8, Gingin, Breera Rd, 
31°26'50.4"S, 115°57'03.9"E, 14 July 2012, by hand, 
leaf litter and grass, J. Foss (WAM T126033); 1 8, 
11.8 km NE. of New Norcia, 30°54'50.01"S, 
116°18'53.8"E, 13 September 2012, soil rake, leaf 
litter, T. Sachse (WAM T127011); 1 $, 19.2 km SE. of 
New Norcia, 31°03T1"S, 116°23'23"E, 5 October 2012, 
leaf litter rake, leaf litter, N. Watson (WAM T127304); 
1 $ , 11.5 km NE. of New Norcia, 30°55’09"S, 
116°18'52"E, 5 October 2012, pitfall trap, found in pit, 
N. Watson and S. Ford (WAM T127305); 1 $, 18.5 km 
SE. of New Norcia, 31°02'00"S, 116°23'32"E, 5 
October 2012, pitfall trap, found in pit, N. Watson and 
S. Ford (WAM T127306); 1$, 19 km SE. of New 
Norcia, 31°03T3"S, 116°23'32"E, 5 October 2012, in 
bucket, N. Watson and S. Ford (WAM T127307); 1 $, 
19 km SE. of New Norcia, 31°03’13"S, 116°23’32"E, 7 
October 2012, pitfall trap, found in pit, N. Watson and 
S. Ford (WAM T127308); 1 8, Wooroloo Regional 
Park, nr junction of Cook /Neptune Rds, 31°52'06"S, 
116°13'2r'E, 3 June 2013, by hand, in very large fallen 
log, C.A. Car (WAM T130379); 4 8, 3 juveniles, 
Wooroloo Regional Park, nr junction of Cook / 
Neptune Rds, 31°5E54"S, 116°13’46"E, 3 June 2013, by 
hand, under bark pieces on ground, C.A. Car (WAM 
T130380); 1 8, between Omeo Road and Beraking 
Pool Roads, near Brookton Highway, 32°12T2''S, 
116°17'48"E, 28 September 2003, by hand, J.M. 
Waldock (WAM T73402); 1 juvenile, corner of 
Warradale Road and Brookton Highway, 
32°23’20.53"S, 116°33’08.18"E, 8-13 September 2007, 
W. Bancroft (WAM T82727); 1 8, 1 ?, hill top, E. of 
Yarra Road, N. of Brookton Highway (site 4), 
32°13’03"S, 116°26’35"E, 19 September 2004, by hand, 
at base of Xanthorrhoea preissii, S. Slack-Smith 
(WAM T62599); 1 juvenile , 0.4 km N. of Brookton 
Highway on Yarra Rd, 32 km E. of Karragullen, 
32°13'42.6"S, 116°26'06.2"E, 8 June 2013, by hand, in 
litter under low Xanthorrhea skirts, C.A. Car and J. 
M. Waldock (WAM T130383); 1 8 , Christmas Tree 
Well, Brookton Highway, 31.5 km E. of Karragullen, 
32°13’39.4"S, 116°25'20.2"E, 8 June 2013, by hand, 
under bark litter, base of eucalypt, C.A. Car and J. M. 
Waldock (WAM T130384); 1 8, 1 $, 2.18 km N. of 
Brookton Highway on Yarra Rd, 32 km E. of 
Karragullen, 32°13’40.8"S, 116°26T1.1"E, 8 June 2013, 
by hand, in deep litter, 2m from marri tree, C.A. Car 
and J. M. Waldock (WAM T130386); 1 8, 
Boonanarring Nature Reserve, off Wannamal Rd 
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West, 31°10'28.7"S115°50'29.6"E, 25 May 2008, by 
hand, from leaf litter, J. M. Wojcieszek and M.G. Rix 
(WAM T130420); 1 S, Mt Frankland National Park, 
off Preston Rd, 34°43'13.8"S, 116 o 31'07"E, 28 June 
2008, by hand, from leaf litter, J. M. Wojcieszek and 
M.G. Rix (WAM T130422); 1 & Unnamed Reserve, 
north of Manjimup, off Seaton Ross Rd, 34°05'07.6"S, 
116°11'03.0"E, 29 June 2008, by hand, from leaf litter, 
J. M. Wojcieszek and M.G. Rix (WAM T130425); 1 $, 
10 miles E. of Northam, 31°39’S, 116°50’E, 14 
September 1962, E.S. Ross and D.Q. Cavagnaro 


(CAS); 3 S, 1 ?, Mersea Forest', near Seaton Ross 
Road, 15 km S. of Bridgetown along South-Western 
Highway, 34°05'08"S, 116°11'04"E, 2 July 2009, by 
hand, under logs, J.M. Wojcieszek and M.G. Rix 
(WAM T100206); 1 $, 13 miles W. of Bridgetown, 
33°58'S, 115°54'E, 25 September 1962, E.S. Ross and 
D.Q. Cavagnaro (CAS); 1 & Glen Forrest, 31°54'S, 
116°06'E, 1971 - 1972, S.M. Wade (WAM T73133); 13 
S, 10 $, 11 juveniles, Darlington, 31°55'S, 116°04'E, 5 
September 1962, E.S. Ross and D.Q. Cavagnaro 
(CAS). 
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APPENDIX 2 All non-type material examined of Antichiropus whistleri. 


Australia: Western Australia: 1 S (gonopods only), 
Buckland Hill (near Fremantle), Hamburger sudwest- 
australischen Forschungsreise Station 114 [32°03'S, 
115°44'E], date unknown, W. Michaelsen and R. 
Hartmeyer (NHMW 8071); 1 c?, 1 juvenile, Cottesloe 
[31°59'S, 115°45'E], 16 June 1913, C. Drummond (WAM 
T290, T372); 3 & Inglewood, site 1, 31°55'04"S, 
115°52'41"E, 24-29. August 1993, dry pitfall trap, N. 
Cooper (WAM T41670); 1 $, Carabooda area, A. 
Lombardos property, Babylon Cave, YN-508, 31°36'S, 
115°43'E, 26 June 1999, by hand, dry sandy floor, 
twilight zone, R. Foulds (WAM T41837); 1 Kings 
Park, 31°57'S, 115°50'E, 14 June 2000, J.M. Waldock 
(WAM T42295); 1 S, Kings Park, near Saw Ave, 
31°57'S, 115°50'E, 16 June 2002, by hand, M.S. Harvey 
et al. (WAM T46804); 7 5 |§ 1 juvenile, Innaloo, 

cycleway beside Mitchell Freeway between Lilacdale 
and Dunster Roads, 31°53'08"S, 115°48'01"E, 3 June 
2003, by hand on path beside stunted marri trees, J.M. 
Waldock (WAM T53360-T53370); 1 S, Lake Gwelup 
Reserve, W. side of lake, 31°52'29"S, 115°47T9"E, 5 
June 2003, by hand, on cement footpath in grassed area, 
J.M. Waldock (WAM T53595); 1 & E. edge of Star 
Swamp Nature Reserve, North Beach, 31°51'17"S, 
115°46'02''E, 8 June 2003, by hand on limestone 
footpath, J.M. Waldock (WAM T53596); 1 & Trigg 
Dune Bush, site TD1, 31°52'09"S, 115°45'38"E, 13 July- 
25 September 1995, wet pitfall trap, M.S. Harvey and 
J.M. Waldock(WAM T72796); 1 d>, Dianella Open 
Space, sites DOl, D02, 31°53'S, 115°50'E, 14 November 
-11 December 1994, dry pitfall trap, N. Cooper (WAM 
T72797); 4 S, 3 $, 1 juvenile, Warwick Open Space, site 
WR2, 31°50'33"S, 115°49'00"E, 13 July - 25 September 
1995, wet pitfall trap, M.S. Harvey and J.M. Waldock 
(WAM T72798); 1 S, Kings Park, site 2/4, 31°58T0"S, 
115°49'00"E, 23 July 1992, pitfall trap, J. Dell (WAM 
T72799); 1 $, Kings Park, site 3/9, 31°58'15"S, 
115°49'20"E, 23 July 1992, pitfall trap, J. Dell (WAM 
T72800); 1 S, Kings Park, site 1/4, 31°57'10"S, 
115°49'55"E, 24 April 1993, pitfall trap, J. Dell (WAM 
T72801); 1 S, 1 $, Landsdale Farm School, site LSI, 
31°49'14"S, 115°5F01"E, 1-15 October 1995, dry pitfall 
trap, J. Dell (WAM T72802); 3 S, Landsdale Farm 
School, site LSI, 31°49T4"S, 115°51'01"E, 13 July - 25 
September 1995, wet pitfall trap, M.S. Harvey and J.M. 
Waldock (WAM T72803, T72804, T73255); 1 S, Tuart 
Hill, site TH3, 31°52'50"S, 115°51'34"E, 10 May - 20 
July 1993, wet pitfall trap, M.S. Harvey and J.M. 
Waldock (WAM T72832); 1 & Tuart Hill, site TH1, 
31°52'49"S, 115°51'30"E, 18-31 October 1993, H. Cooper 


(WAM T72833); 1 S, 1 ?, 24 September - 18 November 
1993, same details, wet pitfall trap, J.M. Waldock et al. 
(WAM T72834); 3 g, same details, 10 May - 20 July 
1993, wet pitfall trap, M.S. Harvey and J.M. Waldock 
(WAM T72835); 1 g, 2 ?, 1 juvenile, Tuart Hill, site 
TH2, 31°52'50"S, 115°51'32"E, 20 July - 23 September 
1993, wet pitfall trap, J.M. Waldock, A. Sampey and A. 
Thorpe (WAM T72836); 3 g, 3 % 4 juveniles, Tuart 
Hill, site TH1, 31°52'49"S, 115°51'30"E, 20 July - 23 
September 1993, wet pitfall trap, J.M. Waldock, A. 
Sampey and A. Thorpe (WAM T72837); 1 $, 1 ?, 
Hepburn Heights, site HH1, 31°49'06"S, 115°46'02"E, 
1-15 October 1995, dry pitfall trap, J. Dell (WAM 
T72838); 1 & 1 ?, Hepburn Heights, site HH2, 
31°49'07"S, 115°46T1"E, 1-15 October 1995, dry pitfall 
trap, J. Dell (WAM T72839); 7 g, Hepburn Heights, site 
HH3, 31°49'02"S, 115°46T3"E, 13 July - 25 September 
1995, wet pitfall trap, M.S. Harvey and J.M. Waldock 
(WAM T72840, T72841, T73246, T73237,T73247-9); 2 
g, Hepburn Heights, site HH4, 31°48'57"S, 115°46'41"E, 
13-25 July 1995, wet pitfall trap, M.S. Harvey and J.M. 
Waldock (WAM T72842, T72843); 1 g, same details, 25 
September - 28 November 1995 (WAM T73251); 4 g, 2 
?, Hepburn Heights, site HH4, 31°48'57"S, 115°46'41"E, 
1-15 October 1995, dry pitfall trap, J. Dell (WAM 
T72844); 1 g, Marangaroo Reserve, site MR1, 
31°49'51"S, 115°50'03"E, 13 July - 25 September 1995, 
wet pitfall trap, M.S. Harvey and J.M. Waldock (WAM 
T72845); 1 g, Marangaroo Reserve, site MR2 
31°49'38"S, 115°50'04''E, 13 July - 25 September 1995, 
wet pitfall trap, M.S. Harvey and J.M. Waldock (WAM 
T72846); 1 g, Gnangara, 31°46'S, 115°52'E, 27 
November 1969, pitfall trap, J.A. Springett (WAM 
T72847); 1 g, Shenton Bush, site B, 31°57'45.8"S, 
115°47'53.7"E, September 1998, dry pitfall traps R Berry 
(WAM T73134); 5 S Hepburn Heights, site HH4, 
31°48'57"S, 115°46'41"E, 13 July - 25 September 1995, 
wet pitfall trap, M.S. Harvey and J.M. Waldock (WAM 
T73236, T73250, T73252-4); 1 g, same details, 25 
September - 28 November 1995 (WAM T73251); 1 
Burns Beach, 4 km ESE., 31°45'S, 115°45'E, 21 June 
1977, collected by hand, active on limestone ’KunKar' in 
open heath, A. Chapman (WAM T73238); 2 % 2 
juveniles, Shenton Bush, site A, 31°57'52.5"S, 
115°47'57"E, September 1998, dry pitfall traps, P. Berry 
(WAM T73240); 1 & Reabold Hill, site RH 6, 31°57'S, 
115°46'E, 21-28 July 1976, pitfall trap, J.D. Majer (WAM 
T73241); 2 & 2 $, 1 juvenile, Reabold Hill, 31°57'S, 
115°46'E, 12 April 1968, by hand, E.G. Cockett (WAM 
T73242); 1 S, Yanchep National Park, on track between 


118 


C.A. CAR, J.M. WOJCIESZEK AND M.S. HARVEY 


caves YN-14 and YN-18, 31°35'S, 115°40'E, 16 
September 2000, by hand, in hole in track, R. Foulds 
(WAM T73243); 1 8, 1 $, 2 juveniles, Reabold Hill, site 
RH 6, 31°57'S, 115°46'E, 21-28 July 1976, pitfall trap, 
J.D. Majer (WAM T73244); 2 8, 1 juvenile, Gnangara, 
site 2, 31°50'S, 115°50'E, 21 July 1970, pitfall trap, J.A. 
Springett (WAM T73245); 1 8, Neerabup National Park, 
31°39'S, 115°43'E, 18 May - 1 June 1977, G. Barron and 
G. Harold (WAM T73256); 1 & Gnangara East, 31°46'S, 
115°54'E, 8 June 1969, by hand, A.M. Douglas (WAM 
T73257) 1 2 $, 1 juvenile, same details 10 June 1969 

(WAM T73259, T 112928); 1 8, Kings Park, near Ivy 
Watson playground, 31°58'S, 115°50'E, 19 July 1998, by 
hand, on grass in daytime, M.S. Harvey (WAM 
T73258); 1 8, 1 juvenile, Along road between Burns 
Beach and Wanneroo Road, half a mile along track to 
south, 31°45'S, 115°45'E, 2 June 1975, by hand, tuart and 
banksia bushland, S. Slack-Smith (WAM T73260); 1 8, 
2 $, Perth, 31°57'S, 115°51'E, 1976, by hand, J.D. Majer 
(WAM T73261); 10 8, 1 Kings Park, Perth, 
31°57'24"S, 115°49'39"E, 14 June 2000, by hand, on 
cycleway in rain, J.M. Waldock (WAM T73383, 
T73389); 1 8 , Cooljarloo, 260 km N. of Perth, 30°39'S, 
115°22'E, September 2009, M. Bamford (WAM 
T98955); 1 8, 1 % Kings Park, Perth, 31°57T9"S, 
115°50'00''E, 7 June 2007, by hand, under log, M.G. Rix 
(WAM T100204, T100205); 1 8, 1 9 ,- Pearce Airforce 
Base, 31°31T4.64"S, 116°01'49.32"E, 23 June - 8 August 
2008, wet pitfall trap, J. Nolthenous and F. Bochari 


(WAM T109215); 3 8, Craigie Open Space, near 
Community Centre, 31°47'38"S, 115°46'39"E, 14 
September 2010, by hand, C.A. Car (WAM T112618, 
Til 1733); 2 8, Innaloo, cycleway crossing over Mitchell 
freeway, near Hertha Rd, 31°53'21"S, 115°48'06"E, 4 
June 2003, J.M. Waldock (WAM T53371, T112926); 1 8, 
Kings Park, Perth, along bike path W. of May Drive, 
31°57'32"S, 115°49'37"E, 10 September 2011, by hand, 
on bike path, M.G. Rix and J.M. Wojcieszek (WAM 
T116229); 4 8, Waterman, Star Swamp, 31°50'35"S, 
115°45'42"E, 24 August 2010, by hand, C.A. Car (WAM 
Til 1732, T117505); 1 8, Just east of Nilgen Nature 
Reserve, adjacent to Sappers Rd, 31°01'08''S, 
115°25'04"E, 14 June 2007, sifting leaf litter, M.G. Rix 
(WAM T124581); 1 8, Lake Pinjar wetlands, north-east 
of Joondalup, 31°37'42"S, 115°48'35"E, 10 June 2009, 
hand collected in leaf litter, A. Silla (WAM T126014); 1 
8, same details, 3 June 2009, (WAM T126085); 2 8, 3 
4 km SSE. of Cooljarloo, Cooljarloo South Mine, 
30°41'00"S, 115°25'00"E, 1 September 2012, M. 
Bamford (WAM T126884); 1 8, 1 % 34 km E. of 
Cooljarloo, Cooljarloo Falcon Mine, 30°35'00''S, 
115°44'00"E, 1 September 2012, M. Bamford (WAM 
T126886); 2 J 1 , 3 juveniles, Cooljarloo, 10 km N. of 
Cataby, 30°37'30"S, 115°24'58"E, 10 August 2011, M. 
Bamford (WAM T129424, T129425); 2 8, Yellagonga 
Regional Park, Perth, Joondalup, 31°43'36''S, 
115°47'05''E, 26 May 2013, hand collected, walking on 
path near pine plantation, C.A. Car (WAM T130172). 
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ABSTRACT - The predominantly marine genus Schizopera Sars, 1905 has only two significant inland 
water species flocks, one in the ancient African Lake Tanganyika and the other in subterranean waters 
of Western Australia. Despite a great potential for studies of freshwater invasions, very little research 
has been done on these copepods, especially in the Pilbara region. We describe here S. cooperi sp. 
nov. from a bore hole about 45 km NW of Paraburdoo, which sheds new light on the previous sparse 
records of this genus in the region. Morphological characters suggest a close relationship between the 
new species and S. weelumurra Karanovic, 2006, a species described on the basis of a single female 
from a locality that lies some 100 km NE, with only minor differences in the proportion of some setae 
and spines. Phylogenetic analyses of the mtCOI partial sequences suggest that the new species has 
no close relatives among Western Australian congeners, molecular data for the presumably closely 
related S. weelumurra are missing. Molecular data suggest a closer relationship between S. cooperi 
and three congeners from theYilgarn region than between it and another (as yet unidentified) congener 
from the Pilbara, suggesting multiple colonisation events in both regions. An overview of the genus 
in the Pilbara highlights the need for more extensive sampling and for the use of molecular data to 
resolve issues of disjunct distribution patterns and delineation of morphologically similar species. 


KEYWORDS: barcoding, phylogeny, stygofauna, taxonomy 


INTRODUCTION 

The genus Schizopera was established by Sars 
(1905), with S. longicauda Sars, 1905 as the type 
species. Today, there are about 96 valid species and 
subspecies worldwide (Karanovic and Cooper 2012; 
Walter and Boxshall 2013). They are distributed in a 
variety of marine, brackish and freshwater habitats 
around the world, which makes them an ideal group for 
testing hypotheses of multiple invasions of freshwater 
(Karanovic and Cooper 2012), which was suggested 
for copepods generally (Boxshall and Jaume 2000, 
Karanovic 2008). The genus is, however, predominantly 
marine, with only two significant inland water species 
flocks, one in the ancient African Lake Tanganyika 
(Sars 1909; Gurney 1928; Lang 1948; Rouch and 
Chappuis 1960) and the other in subterranean waters of 
Western Australia (Karanovic 2004, 2006; Karanovic 
and Cooper 2012). Unfortunately, a great number of 
species descriptions are incomplete and/or inadequate. 
Because of that, and because of the normal expansion 


of generic boundaries resulting from the inclusion of 
new species, systematics of the genus Schizopera have 
been very difficult. Lang (1948, 1965) maintained clarity 
in the generic diagnosis by suggesting the presence of 
a “transformed spine” on the male third leg exopod 
is a synapomorphy but this structure is, in fact, an 
enormously enlarged tubular pore (Karanovic and 
Cooper 2012). Attempts to split the genus based on the 
segmentation of endopods of first and fourth swimming 
legs (Apostolov 1982; Wells and Rao 1976; Bodin 
1997; Boxshall and Halsey 2004) were subsequently 
questioned both based on morphological (Mielke 1992, 
1995; Karanovic 2004; Wells 2007; Huys 2009) and 
molecular evidence (Karanovic and Cooper 2012), and 
are now abandoned. The only exception is the genus 
Eoschizopera Wells and Rao, 1976, which was originally 
designed to accommodate all doubtful members of the 
genus Schizopera, but was later redefined to include only 
four species by Karanovic (2004). Its validity has been 
supported by a set of morphological synapomorphies but 


urn:lsid:zoobank.org:pub:CBDE7DC0-64D6-4048-8B60-33E366BB9439 
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its subgeneric division proposed by Apostolov (1982) has 
also been abandoned (Boxshall and Halsey 2004; Wells 
2007; Huys 2009). 

In Australia the first record of the genus Schizopera 
was that of S. clandestina (Klie, 1924) by Storey 
et al. (1993), who listed it without any drawings or 
descriptions from surface waters of Gardner Lake 
during its freshwater phase (the lake becomes brackish 
in summer), less than one km from the southern coast 
of Western Australia. Halse et al. (2002) reported 
the same species from Lake Coyrecup, a small 
semipermanent saline lake in south-western Western 
Australia, some 125 km from the nearest coast. This 
species was originally described by Klie (1923) from 
German brackish waters of various salinities, and later 
reported from many other parts of the world (Lang 1948; 
Bodin 1997). An incredible range of morphological 
variability and several described subspecies (Wells 
2007) led Karanovic and Cooper (2012) to suggest 
that S. clandestina could be a species-complex, and 
that the Australian populations are unlikely to belong 
to a species described from German brackish waters. 
This matter would need a proper taxonomic revision, 
with redescription of the type material, as the original 
description is no longer adequate for modern taxonomic 
standards in this group. Karanovic (2004) described 
five allopatric subterranean species from various 
parts of the vast Yilgarn region of Western Australia: 
S. austindownsi Karanovic, 2004; S. depotspringsi 
Karanovic, 2004; S. jundeei Karanovic, 2004; S. oldcuei 
Karanovic, 2004; and S. uramurdahi Karanovic, 2004. 
Two years later, Karanovic (2006) described another two 
allopatric subterranean species from the Pilbara region 
of Western Australia: S. roberiverensis Karanovic, 
2006 and S. weelumurra Karanovic, 2006. The latter 
was described from a single female from a bore hole 
approximately 65 km north of Tom Price (Figure 1), 
while the former was found in four different bore holes 
in close proximity some 48 km west of Pannawonica 
(the type locality), but was also reported from another 
bore (PANNASLK4) about 10 km east of the type 
locality, as well as from a locality near Paraburdoo (bore 
TPB2-1) almost 250 km farther south-east (Figure 1). 
The very disjunct localities of S. roberiverensis belong 
to more or less interconnected waterways, but are 35, 
45, and 295 km from the nearest sea shore respectively, 
with no Schizopera records in between. Experience 
from other studies on subterranean copepods with 
similarly wide distribution show them usually to be 
complexes of cryptic species (Karanovic and Krajicek 
2012; Karanovic and Cooper 2012), and morphological 
hypotheses about the specific status of different 
populations of S. roberiverensis should be tested with 
molecular tools. 

Apparently, the genus Schizopera is much rarer in 
the Pilbara region than in the Yilgarn, which Karanovic 
(2006) explained by lower salinities in the former. This 
was demonstrated by Karanovic and Cooper (2012), 
who described seven species and one subspecies with 


significant size differentiation and frequent sympatry 
from Yeelirrie calcretes in a very small area in the 
northern Yilgarn: S. akation Karanovic and Cooper, 
2012; S. akolos Karanovic and Cooper, 2012; S. 
analspinulosa s. str. Karanovic and Cooper, 2012; S. 
analspinulosa linel Karanovic and Cooper, 2012; S. 
emphysema Karanovic and Cooper, 2012; S. kronosi 
Karanovic and Cooper, 2012; S. leptafurca Karanovic 
and Cooper, 2012; and S. uranusi Karanovic and 
Cooper, 2012. Using a combined morphological and 
molecular approach they were able to demonstrate that 
both explosive radiation and multiple colonisations 
are responsible for this unprecedented diversity, that 
sister species have parapatric distributions and show 
niche partitioning in the area of overlap, and that there 
is no evidence for parallel evolution, interspecific size 
differentiation being a result of different phylogeny 
(the latter also demonstrated for some subterranean 
cyclopoid copepods in the Pilbara region by Karanovic 
and Krajicek (2012)). Another 10 or so new species 
of Schizopera have been discovered in calcretes 
around Lake Way and Lake Maitland (T. Karanovic, 
unpublished data) that are awaiting formal description. 
It seems at this stage that detailed sampling of other 
areas in the Yilgarn, combined with the use of molecular 
tools, will result in discoveries of many more new 
species of Schizopera in Australia, in addition to about 
25 species we are already aware of. 

Here we describe a new species from the Pilbara, 
which is the third member of this genus from this region. 
Material of this species was previously used (as one of 
the outgroups) in the molecular study of Karanovic and 
Cooper (2012), where this species was provisionally 
identified as “S. sp. 7”. Its locality lies between the two 
disjunct localities of the abovementioned problematic 
S. roberiverensis (Figure 1), but we show below that its 
affinities lie much more closely to the other congener 
from this region. Another aim of this study was to 
test phylogenetic relationships, based on molecular 
data, between our new species and another (as yet 
unidentified) species from the Pilbara (S. sp. 2; see 
Figure 1), and between these two species and congeners 
from the Yilgarn. Although the Pilbara and Yilgarn are 
neighbouring regions, they show remarkable differences 
in most major groups of stygofauna that have been well 
studied. For example, diving beetles are completely 
absent from the Pilbara region (Watts and Humphreys 
2006; Leys and Watts 2008), ostracods show differences 
at the tribus level (Karanovic 2007), and copepods are 
mostly different at the genus level (Karanovic 2006; 
Karanovic 2010; Karanovic et al. 2011), with no shared 
stygobitic species (Humphreys 2008). Exploring the 
phylogenies of Schizopera, so far the only shared genus 
among stygobitic copepods in the two regions, has 
potentially wider scientific interest. 

Employing molecular techniques in addition to 
traditional morphology is one of the most important 
recent developments in animal taxonomy and 
systematics. Recently, DNA-based species identification 
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methods, referred to as “DNA barcoding”, have been 
widely employed to estimate levels of species diversity, 
with the 5’end of the mitochondrial cytochrome 
C oxidase subunit 1 gene (COI) proposed as the 
“barcode” for all animal species (Hebert et al. 2003). 
The advantage of COI is that it often shows low 
levels of genetic variation within species, but high 
levels of divergence between species (usually >15% 
among crustacean species, Lefebure et al. 2006). The 
availability of so-called “universal” primers developed 
by Folmer et al. (1994) for the PCR-amplification of 
COI also greatly facilitates the use of this marker to 
investigate species boundaries in animals, and these 
primers have previously been employed successfully 
to PCR-amplify copepod DNA (Adamowicz et al. 
2007; Bradford et al. 2010; Sakaguchi and Ueda 2010; 
Karanovic and Cooper 2011a, b, 2012). 

With the inclusion of our new species, the genus 
Shizopera now numbers 16 described congeners from 
Australia, and we provide a key for their identification 
at the end of this paper based on female morphological 
characters. 

MATERIAL AND METHODS 

Specimens of the new species were collected on a 
single occasion with a hand net from a groundwater bore 
in Hardy Deposit, about 45 km NW of Paraburdoo. The 
population consisted of nine males, nine females and six 


copepodids. Two females were destroyed for molecular 
analysis, and all other specimens are deposited in 
the Western Australian Museum (WAM) in Perth. 
Collection numbers and other details are provided in 
the “Material examined” section below. Another species 
from the Pilbara region was collected with a hand net 
from a bore some 60 km north of Tom Price and only 
5 km away from the type locality of S. weelumurra. It 
was provisionally identified as S. sp. 2, because only 
one male and one juvenile specimen were collected 
(female characters are much more important in this 
genus, and males are still unknown for three Australian 
congeners, including S. weelumurra). Preliminary 
examination of the male suggested that this species may 
be closer to S. roberiverensis than to S. weelumura, 
but this will have to be checked on newly collected 
material as both specimens were destroyed for molecular 
analysis (Table 1). Specimens of the six Schizopera 
species from Yeelirrie used in our molecular analysis, 
as well as those of the two outgroup taxa from the 
family Canthocamptidae Sars, 1906 ( Australocamptus 
hamondi Karanovic, 2004 and Elaphoidella humphresi 
Karanovic, 2006), were collected with a combination 
of various pumping techniques and hand nets, details of 
which can be found in Karanovic and Cooper (2012). 

All samples were preserved in the field in cold 100% 
ethanol, kept on ice or in a refrigerator, and sorted in 
a laboratory. Each sample was given a unique four 
digit lab code, and these were used throughout the 



FIGURE 1 Map of the Western Australian Pilbara region showing localities of the Schizopera species. 
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TABLE 1 

Code 

505/6 

7081a 

7081b 

7106 

7122 

7131 

7304 

7308 

7342 

7342.1 

7342.2 

7360 

7374 

7389 

7417 

7417 

7421.1 

7421.2 

7433 

7439 

7730 

7991 

8110 

8119 

8302 

8385 

8393 

8393 

8417 

8417 

8427 

8464 

8479 

8479 

8479 

8496 

8496 

8517 

8517 

8527 

8533 

8533 

8538 
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List of copepod specimens for which the COI fragment was successfully amplified. 


Species 

Region 

Bore Number 

Date 

GenBank 

S. cooperi sp. nov. 

Pilbara 

HAMB003 

18 Sep 2010 

JQ390555 

A. hamondi 

Yilgam 

312 

13 Jan 2010 

JN039160 

A. hamondi 

Yilgam 

312 

13 Jan 2010 

JN039163 

S. sp. 2 

Pilbara 

FMGSM1585 

27 Feb 2010 

JQ390556 

A. hamondi 

Yilgam 

312 

19 Mar 2010 

JN039165 

S. leptafurca 

Yilgam 

YYHC085B 

18 Mar 2010 

JQ390557 

S. emphysema 

Yilgam 

YYAC1004C 

27 Aug 2009 

JQ390558 

S. kronosi 

Yilgam 

YYAC1007A 

27 Aug 2009 

JQ390559 

S. akation 

Yilgam 

YYAC284 

12 Nov 2009 

JQ390560 

S. uranusi 

Yilgam 

YYAC284 

12 Nov 2009 

JQ390561 

S. uranusi 

Yilgam 

YYAC284 

12 Nov 2009 

JQ390562 

S. analspinulosa linel 

Yilgam 

LUNK1 

12 Jan 2010 

JQ390563 

S. uranusi 

Yilgam 

YYAC1007 

12 Nov 2009 

JQ390564 

S. leptafurca 

Yilgam 

YYAC118 

12 Nov 2009 

JQ390565 

S. leptafurca 

Yilgam 

YYAC35 

12 Nov 2009 

JQ390566 

S. kronosi 

Yilgam 

YYAC35 

12 Nov 2009 

JQ390567 

S. leptafurca 

Yilgam 

YYAC33 

12 Nov 2009 

JQ390568 

S. leptafurca 

Yilgam 

YYAC33 

12 Nov 2009 

JQ390569 

S. leptafurca 

Yilgam 

YYAC328 

12 Nov 2009 

JQ390570 

S. uranusi sp. 2 

Yilgam 

YYAC248 

12 Nov 2009 

JQ390571 

S. sp. 2 

Pilbara 

FMGSM1585 

20 Jan 2010 

JQ390572 

E. humphreysi 

Pilbara 

FMGSM1529 

23 Jan 2010 

JN039161 

E. humphreysi 

Pilbara 

FMGSM3644 

2 Mar 2010 

JN039166 

E. humphreysi 

Pilbara 

FMGSM3645 

1 Mar 2010 

JN039173 

S. uranusi 

Yilgam 

YYAC0019B 

20 Mar 2010 

JQ390573 

S. leptafurca 

Yilgam 

YYAC0014D 

17 Mar 2010 

JQ390574 

S. leptafurca 

Yilgam 

YYAC328 

17 Mar 2010 

JQ390575 

S. kronosi 

Yilgam 

YYAC328 

17 Mar 2010 

JQ390576 

S. uranusi 

Yilgam 

YYAC0016A 

20 Mar 2010 

JQ390577 

S. leptafurca 

Yilgam 

YYAC0016A 

20 Mar 2010 

JQ390578 

S. uranusi 

Yilgam 

YYHC0139 

17 Mar 2010 

JQ390579 

S. leptafurca 

Yilgam 

YYHC0049K 

20 Mar 2010 

JQ390580 

S. uranusi 

Yilgam 

YYD26 

15 Mar 2010 

JQ390581 

S. leptafurca 

Yilgam 

YYD26 

15 Mar 2010 

JQ390582 

S. akation 

Yilgam 

YYD26 

15 Mar 2010 

JQ390583 

S. akolos 

Yilgam 

YYD22 

15 Mar 2010 

JQ390584 

S. akation 

Yilgam 

YYD22 

15 Mar 2010 

JQ390585 

S. analspinulosa s. str. 

Yilgam 

SB14-1 

16 Mar 2010 

JQ390586 

S. akation 

Yilgam 

SB14-1 

16 Mar 2010 

JQ390587 

A. hamondi 

Yilgam 

312 

16 Mar 2010 

JN039170 

S. analspinulosa linel 

Yilgam 

LUNK1 

16 Mar 2010 

JQ390588 

S. akation 

Yilgam 

LUNK1 

16 Mar 2010 

JQ390589 

S. leptafurca 

Yilgam 

YYAC118 

21 Mar 2010 

JQ390590 
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investigation, and are also used for our COI sequences 
from different localities and/or sampling occasions 
(Table 1). Bores established for hydrogeological work, 
mineral exploration and water monitoring have prefixes 
or suffixes of relevance only to that drilling program. 
These codes are used for each species to aid specification 
of the location (Table 1), and precise coordinates were 
provided in Karanovic and Cooper (2012). 

Specimens for morphological observation were 
dissected and mounted on microscope slides in Faure's 
medium, which was prepared following the procedure 
discussed by Stock and von Vaupel Klein (1996), and 
dissected appendages were then covered by a coverslip. 
Before that, the entire animal and subsequently its 
urosome were examined and drawn in propylene glycol 
(CH3CH(0H)CH20H), while mounted between two 
human hairs under a coverslip, so that the animal and 
urosome would not be compressed. By manipulating 
the coverslip carefully by hand, the whole animal 
or a particular appendage could be positioned in 
different aspects, making possible the observation 
of morphological details. During the examination of 
appendages dissected in Faure’s medium water slowly 
evaporated and appendages eventually remained in a 
completely dry medium, ready for long term depositing 
without need for additional sealing. All line drawings 
were prepared using a drawing tube attached to a Leica 
MB2500 phase-interference compound microscope, 
equipped with N-PLAN (5x, lOx, 20x, 40x and 63x 
dry) or PL FLUOTAR (lOOx oil) objectives. Specimens 
that were not drawn were examined in propylene glycol 
and, after examination, were again preserved in 100% 
ethanol. Specimens for scanning electron microscopy 
were transferred from pure ethanol into pure isoamyl- 
acetate for two hours, critical-point dried, coated in gold 
and observed under a Hitachi S-4700 microscope on 
the in-lens detector, with an accelerating voltage of 10 
kV and working distances between 12.3 and 13.4 mm; 
micrographs were taken with a digital camera. Digital 
photographs were processed and combined into plates 
using Adobe Photoshop CS4. The map was created using 
software MapCreator 2.0. 

Morphological terminology follows Huys and Boxshall 
(1991), except for caudal ramus setae numbering (not 
used) and small differences in the spelling of some 
appendages (antennula, mandibula, maxillula instead 
of antennule, mandible, maxillule), in an attempt to 
standardise the terminology for homologous appendages 
in different crustacean groups. Sensilla and pores on all 
somites (body segments) were numbered consecutively 
from the anterior to posterior part of the body, and from 
the dorsal to ventral side, to aid in the recognition of 
serially homologous structures and future comparisons 
with other species; they are not intended as a novel 
terminology. Biospeleological terminology follows 
Humphreys (2000). 

Specimens for molecular analysis were examined 
without dissection under a compound microscope 
(objective 63x dry) in propylene glycol, using a cavity 


well slide with a central depression. After examination 
they were returned to 100% ethanol. DNA was extracted 
using the GENTRA method (Puregene) according 
to the manufacturer’s protocol for fresh tissues. 
PCR amplifications of a 623-bp fragment from the 
mitochondrial COI gene were generally carried out with 
the “universal” primers LCOI490 and HC02198 (Folmer 
et al. 1994), as well as with additional ‘nested’ primers 
designed by Ms Kathleen Saint (South Australian 
Museum) from preliminary copepod COI sequence 
data and used in combination with universal primers to 
improve the PCR-amplification efficiency (for details see 
Karanovic and Cooper 2012). PCR-amplifications were 
carried out in 25 pL volumes containing 4 mM MgC12, 
0.20 mm dNTPs, lx PCR buffer (Applied Biosystems), 
6 pmol of each primer and 0.5 U of AmpliTaq Gold 
(Applied Biosystems). PCR amplification was performed 
under the following conditions: 94 °C 9 min, then 34 
cycles of 94 °C 45 s; annealing 48 °C 45 s; 72 °C, 60 
s; with a final elongation step at 72 °C for 6 min. PCR 
products were purified using a vacuum plate method 
and sequencing was undertaken using the ABI prism 
Big Dye Terminator Cycle sequencing kit (PE Applied 
Biosystems, Foster City, CA). Sequencing was carried 
out on an ABI 3700 DNA analyser and sequences were 
edited and manually aligned in SeqEd version 1.0.3 
(Applied Biosystems). DNA was extracted and the COI 
fragment successfully PCR-amplified from 43 copepod 
specimens (Table 1). 

Phylogenetic analyses of the COI sequence data were 
conducted using a Bayesian Inference (BI) approach 
with MRBAYES v.3.2 (Huelsenbeck and Ronquist 
2001; Ronquist and Huelsenbeck 2003). The program 
MODELTEST (version 3.7; Posada and Crandall 1998) 
with the Akaike Information Criterion was used to show 
that a General Time Reversible (GTR) model (Rodriguez 
et al. 1990), with a proportion of invariant sites (I) and 
unequal rates among sites (G) (Yang 1996) was most 
appropriate for BI analyses. The analyses were carried 
out using default uninformative priors with four chains 
run simultaneously for five million generations in two 
independent runs, sampling trees every 500 generations. 
After this number of generations the final standard 
deviation of split frequencies had reduced to 0.0045 
and the PSRF was ~1.0 for all parameters, suggesting 
convergence had been reached. Assessment of effective 
sample sizes for each parameter estimate was determined 
using the program Tracer vl.4 (Rambaut and Drummond 
2007). The likelihood values converged to relatively 
stationary values after about 5,000 generations. Trees 
from each MrBayes run were combined and a burnin of 
5000 trees (25% of the total) was chosen, with a >50% 
posterior probability consensus tree constructed from 
the remaining 15,002 trees. Average DNA sequence 
divergences within and between species were estimated 
using the program MEGA v. 4 (Kumar et al. 2008), with 
a composite likelihood distance applied under a HKY- 
85 model of DNA sequence evolution (see Table 3 in 
Karanovic and Cooper 2012). 
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SYSTEMATICS 
Order Harpacticoida Sars, 1903 
Family Miraciidae Dana, 1846 
Genus Schizopera Sars, 1905 
Schizopera coo peri sp. nov. 

Figures 2-9 

urn:lsid:zoobank.org:act:1C9F4DA9-A302-4A52-A827- 

7AC897680DCF 

SYNONYMY 

Schizopera sp. 1: Karanovic and Cooper 2012: 175, 
Figure 38C, D. 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: female (WAM 
C47244), Hardey Deposit, about 45 km NW of 
Paraburdoo, bore HAMB003, 22°57’15.1”S 
117°18’37.9”E, 18 September 2010, N.C.P. leg. Evelegh 
and D.S. Smith (dissected on one slide). 

Allotype 

Australia: Western Australia : male (WAM C47245), 
Hardey Deposit, about 45 km NW of Paraburdoo, bore 
HAMB003, 22°57’15.1”S 117°18 , 37.9”E, 18 September 
2010, N.C.P. leg. Evelegh and D.S. Smith (dissected on 
one slide). 

Paratypes 

Australia: Western Australia : Hardy Deposit, 
about 45 km NW of Paraburdoo, bore HAMB003, 
22°57’15.rS 117°18 , 37.9”E, 18 September 2010, leg. 
N.C.P. Evelegh and D.S. Smith: four males and three 
females together on one SEM stub (WAM C47246); 
four males, three females, and six copepodids together 
in ethanol (WAM C47247); and two females destroyed 
for DNA. 

DESCRIPTION 

Female (data from holotype and 6 paratypes). Total 
body length, measured from tip of rostrum to posterior 
margin of caudal rami (excluding caudal setae and 
appendages) from 340 to 395 pm (375 pm in holotype). 
Colour of preserved specimen yellowish. Nauplius 
eye not visible. Prosome comprising cephalothorax 
with completely fused first pedigerous somite, and 
3 free pedigerous somites; urosome 6-segmented, 
comprising fifth pedigerous somite, genital double¬ 
somite (fused genital and first abdominal somites) and 3 
free abdominal somites. Short sclerotised joint between 
prosome and urosome only discernible on ventral side. 
Habitus (Figures 2A, 6A) cylindrical but not particularly 
slender, without distinct demarcation between prosome 
and urosome; prosome/urosome ratio about 1.1 (in dorsal 


view); greatest width at posterior end of cephalothorax 
but difficult to establish, with cephalothorax only 
slightly wider than genital double-somite. Body length/ 
width ratio about 4.6. Free pedigerous somites without 
pronounced lateral or dorsal expansions. Integument 
of all somites relatively well sclerotised, generally very 
smooth, without cuticular windows or pits. All somites 
(except cephalothorax) and caudal rami, besides other 
ornamentation, with several parallel rows of minute 
spinules (Figures 2A, 3A, 4A, 6, 8A, B). Hyaline 
fringe of all somites broad and mostly serrated, except 
smooth posterior end of cephalothoracic shield. Surface 
ornamentation of somites and caudal rami consisting 
of 69 pairs of pores and sensilla and 1 unpaired dorsal 
sensillum (numbered with Arabic numerals consecutively 
from anterior to posterior end of body, and from dorsal to 
ventral side in Figures 2A, 3A, 4A). 

Rostrum (Figures 2A, 7A) long and clearly demarcated 
at base, reaching 2/3 of second antennular segment, 
linguiform, with blunt tip, about twice as long as wide; 
ornamented with 2 sensilla dorsolaterally (no. 1). 

Cephalothorax (Figures 2A, 6A, 7A, B) about 1.3 
times as long as wide in dorsal view (without rostrum); 
represents 29% of total body length, tapering towards 
anterior end in dorsal view only in anterior third. Hyaline 
fringe of cephalothoracic shield wide and smooth. Surface 
of cephalothoracic shield ornamented with 1 unpaired 
dorsal sensillum (no. 16), 4 pairs of pores in anterior 
lateral corner (nos. 4, 7, 8, 9; see Figure 7B), and 29 pairs 
of long sensilla (nos. 2, 3, 5, 6, 10-15, 17-34); only 1 
pair of sensilla at base of rostrum (no. 2; see Figure 7A); 
sensilla nos. 22 and 23 always very close to each other, 
as well as sensilla nos. 25 and 26; sensilla nos. 25-34 
probably belong to first pedigerous somite incorporated 
into cephalothorax. 

Pleuron of second pedigerous somite (first free) 
(Figures 2 A, 6C) ornamented with 6 pairs of long sensilla 
(nos. 35-40); lateral pairs of sensilla nos. 38-40 serially 
homologous to pairs nos. 32-34 on first pedigerous somite 
respectively; other homologies difficult to define with any 
certainty, but pair no. 35 probably serially homologous 
to pair no. 31; hyaline fringe wide, smooth laterally but 
finely serrated dorsally. 

Third pedigerous somite (Figures 2A, 6C) slightly 
shorter than second pedigerous somite, pleuron 
ornamented with 5 pairs of sensilla (nos. 41-45); 
recognising serially homologous pairs mostly easy (41=36, 
42=37, 43=38, and 45=40), except for sensilla pair no. 
44 (probably not homologous to pair no. 39 on second 
pedigerous somite); hyaline fringe wide, smooth laterally 
but finely serrated dorsally. 

Fourth pedigerous somite (Figures 2A, 6C) smaller and 
shorter than previous two somites, especially in dorsal 
view, pleuron ornamented with 5 pairs of sensilla (nos. 
46-50), 4 of them serially homologous to those on third 
pedigerous somite (46=41, 47=42, 48=44, 50=45) and 1 
possibly serially homologous to that on second pedigerous 
somite (49=39?); hyaline fringe narrow (especially 
dorsally), smooth laterally but finely serrated dorsally. 


SCHIZOPERA IN THE PILBARA 


125 



FIGURE 2 Schizopera cooperi sp. nov., line drawings, holotype female: A, habitus, lateral view; B, antennula, anterior 
view; C, antenna, posterior view; D, labrum, posterior view; E, paragnaths, anterior view. Arabic numerals 
numbering sensilla and pores consecutively from anterior to posterior end of body, and from dorsal to 
ventral side (excluding appendages). Scale bars 50 pm. 
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FIGURE 3 Schizopera cooperi sp. nov., line drawings, holotype female: A, abdomen, ventral view (most setae omitted 
on right caudal ramus); B, mandibula, anterior view; C, maxillula, posterior view; D, maxilla, posterior view; 
E, maxilliped, anterior view; F, first swimming leg, anterior view. Arabic numerals numbering sensilla and 
pores consecutively from anterior to posterior end of body, and from dorsal to ventral side (excluding 
appendages). Scale bar 50 pm. 
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FIGURE 4 Schizopera cooper! sp. nov., line drawings, A-E, holotype female, F and G, allotype male: A, anal somite 
and left caudal ramus, lateral view; B, second swimming leg, anterior view; C, third swimming leg, anterior 
view; D, fourth swimming leg, anterior view; E, fifth leg, anterior view; F, third exopodal segment of third 
swimming leg, anterior view; G, third endopodal segment of third swimming leg, anterior view. Arabic 
numerals numbering sensilla and pores consecutively from anterior to posterior end of body, and from 
dorsal to ventral side (excluding appendages). Scale bar 50 pm. 
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B 


FIGURE 5 Schizopera cooperi sp. nov., line drawings, allotype male: A, habitus, dorsal view; B, urosome, ventral view; 

C, antennula, anterior view; D, basis of first swimming leg, anterior view; E, basis, endopod, and exopod of 
second swimming leg, anterior view. Arabic numerals indicating sensilla and pores homologous to those in 
holotype. Scale bars 50 pm. 
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Fifth pedigerous somite (first urosomite) (Figures 2A, 
6C) about as long as fourth, ornamented with 3 pairs of 
posterior sensilla (nos. 51-53) and 1 pair of lateral pores 
(no. 54); serial homology of sensilla not obvious; hyaline 
fringe narrow and finely serrated. 

Genital double somite (Figures 2A, 3A, 6D, 8A) about 
0.8 times as long as wide (dorsal or ventral view), with 
visible internal ridge dorso-laterally (but no external 
suture) indicating original segmentation between genital 
and second abdominal somites; anterior part ornamented 
with 2 pairs of dorsal sensilla (nos. 55, 56), 2 pairs of 
small lateral pores (nos. 57, 58), and 1 pair of large 
ventral pores (no. 59); posterior part with 3 pairs of 
sensilla, 1 dorsal (no. 60), 1 lateral (no. 61), and 1 ventral 
(no. 62); serially homologous pairs of sensilla or pores 
(if any) not obvious; hyaline fringe wide and sharply 
serrated; each half of double somite with 4 parallel 
rows of minute spinules dor sally and laterally but not 
ventrally, with central smooth area that corresponds 
to internal suture and marks ancestral segmentation. 
Female genital complex (Figure 3A) with single 
copulatory pore partly covered by epicopulatory bulb 
(which serves also as copulatory duct), 2 small seminal 
receptacles placed inside large, paired, genital apertures; 
apertures with 2 ventral gonopores, each covered by 
reduced sixth leg. Epicopulatory bulb large, ovoid, 
strongly sclerotised, about 1.5 times as long as wide. 
Seminal receptacles very small, ovoid, both reaching 
anterior margin of epicopulatory bulb, about 0.6 times as 
long as epicopulatory bulb. 

Third urosomite (Figures 2A, 3A, 6D, 8A) slightly 
narrower and significantly shorter than genital double¬ 
somite, ornamented with 3 pairs of posterior sensilla 
(nos. 63-65), all obviously serially homologous to those 
on genital double-somite (i.e. 63=60, 64=61, 65=62); 
ventral surface with more minute spinules than in 
genital double-somite; hyaline fringe broad and sharply 
serrated. 

Fourth urosomite (preanal) (Figures 2A, 3A, 6E, 8A) 
slightly narrower than third urosomite, without sensilla 
or pores but with rows of minute spinules on all sides 
(only 2 posterior rows shortly interrupted ventrally); 
hyaline fringe sharply serrated, ventrally as wide as that 
in third urosomite but dorsally extended into wide and 
long pesudoperculum, which nearly reaches posterior 
margin of anal somite, with about 15 sharp teeth. 

Anal somite (Figures 2A, 3A, 4A, 6E, 8B) cleft 
medially in posterior half, ornamented with 1 pair of 
large dorsal sensilla (no. 66), 2 pairs of lateral pores 
(nos. 67 and 68), posterior row of large spinules at base 
of each caudal ramus, and several short curved rows of 
minute spinules (mostly on dorsal and lateral surfaces); 
anal operculum short, reduced to very narrow and 
thin membrane at end of medial cleft dorsally, convex 
and situated anterior to dorsal sensilla, completely 
covered by pseudoperculum; anal sinus widely opened, 
with weakly sclerotised walls, without any chitinous 
projections, ornamented with 2 diagonal rows of slender 
spinules, represents 58% of somite width. 


Caudal rami (Figures 3A, 4A, 6F, 8B) strongly 
sclerotised, about 1.5 times as long as greatest width 
in dorsal view, almost cylindrical (somewhat tapering 
towards caudal end but with almost straight inner 
margin), with space between them about 1/2 of 1 ramus 
width; ornamented with 2 ventral pores in posterior 
half (nos. 69, 70), transverse row of 6 large spinules 
along posterior margin dorsally, 3 large spinules along 
posterior margin ventrally, diagonal row of large 
spinules at base of dorsal seta, longitudinal row of 
slender spinules along caudal end of inner margin, 
several larger and smaller spinules at base of lateral 
setae, and several short rows of minute spinules dorsally 
and laterally; armed with 6 elements (2 lateral, 1 dorsal, 
and 3 apical). Dorsal seta slender and apically pinnate, 
about 1.5 times as long as ramus, inserted at 2/3 of 
ramus length, triarticulate at base (i.e. inserted on two 
pseudojoints). Lateral proximal spine stout, bipinnate, 
inserted at 3/4 of ramus length, 0.6 times as long as 
ramus. Lateral distal seta slender, smooth, inserted 
slightly ventrolaterally at 4/5 of ramus length, about 
0.9 times as long as ramus. Inner apical seta short and 
smooth, half as long as ramus. Principal apical setae 
with breaking planes; middle apical seta strongest, 
bipinnate at distal end, twice as long as unipinnate outer 
apical seta, and almost as long as urosome. 

Antennula (Figures 2B, 7C) 8-segmented, 
approximately half as long as cephalothorax, with short 
aesthetasc on eighth segment fused to 2 apical setae, and 
large aesthetasc on fourth segment reaching significantly 
beyond tip of appendage and fused basally to equally 
long seta; setal formula: 1.9.7.3.2.3.4.7. Two lateral 
setae on seventh segment and 4 on eighth segment 
biarticulate (i.e. inserted on short pseudojoint). All setae 
smooth and slender, and most end apically with pore 
(except apical and subapical ones); apical pores only 
observable under scanning electron microscope. Length 
ratio of antennular segments, from proximal end and 
along caudal margin, 1 : 1.5 : 0.8 : 0.6 : 0.5 : 0.4 : 0.6 
: 1.3. First segment ornamented with short transverse 
row of small spinules ventro-medially, other segments 
unornamented. 

Antenna (Figure 2C, 7D) comprising coxa, basis, 
2-segmented endopod, and much smaller but also 
2-segmented exopod. Coxa very short, 0.6 times as long 
as wide, without ornamentation or armature. Basis and 
first endopodal segment partly fused along posterior 
surface. Basis also short and unarmed, about 0.7 times 
as long as wide, ornamented with several large spinules 
distally near inner margin, and diagonal row of large 
spinules on outer margin. First endopodal segment 1.5 
times as long as wide and 1.8 times as long as basis, 
without ornamentation, armed with 1 short unipinnate 
lateral seta at middle. Second endopodal segment 1.9 
times as long as first, more slender proximally, with 
2 surface frills distally; lateral armature consists of 
2 strong spines flanking small slender seta; apical 
armature consisting of 7 elements: 1 slender smooth 
seta, 1 unipinnate short spine, 4 geniculate setae, 
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longest fused basally to another slender, unipinnate 
seta; all geniculate setae with minute spinules along 
outer (concave) margin distally. Ornamentation of 
second endopodal segment consists of longitudinal row 
of large spinules along anterior margin, 1 large spinule 
on posterior margin, and diagonal row of large spinules 
between lateral and apical armature elements. Both 
exopodal segments of about same width; first segment 
armed with 1 unipinnate subapical seta, unornamented; 
second segment about 1.5 times as long as first segment, 
ornamented with transverse apical row of slender 
spinules, armed apically with 1 slender seta and 1 strong 
spine, both bipinnate, seta about 1.4 times as long as 
spine and 1.2 times as long as second segment. 

Labrum (Figure 2D) large, trapezoidal, rigidly 
sclerotised, with slightly concave cutting edge, 
ornamented apically and subapically with numerous 
slender spinules; subapical lateral spinules stronger than 
middle ones. 

Paragnaths (Figure 2E) slightly smaller than labrum, 
also rigidly sclerotised, almost rhomboidal in shape, 
connected by medial trapezoidal lobe resembling labrum 
in shape, with numerous spinules along inner and apical 
margin (apical ones much more robust), as well as 
longitudinal row of spinules on anterior surface. 

Mandibula (Figure 3B) with narrow cutting edge 
of coxa, armed with 3 complex teeth in ventral part 
(all tricuspidate), 6 simple teeth in dorsal part, and 1 
unipinnate dorsalmost seta; coxa ornamented with 
two short rows of large spinules near base. Basis 
smaller and shorter than coxa, about 2.5 times as long 
as wide, armed with 3 bipinnate slender setae along 
inner margin; ornamented with transverse row of 
minute spinules at proximal part, as well as distal row 
of somewhat larger spinules at base of inner setae. 
Endopod 1-segmented, twice as long as wide (perception 
different in figure because of position), armed with 2 
lateral and 5 apical smooth setae. Exopod very small but 
distinct segment, armed with single smooth apical seta. 

Maxillula (Figure 3C) with large praecoxa, arthrite 
highly mobile, armed apically with 6 strong, unipinnate 
spines, and 2 dorsalmost unipinnate setae; laterally 
armed with 2 slender smooth setae and ornamented 
with short row of large spinules at base of arthrite. 
Coxa small, armed with 2 setae on inner margin; distal 
seta slender and smooth, proximal seta very strong, 
spiniform and unipinnate. Basis furnished with 1 
strong, curved, and bipinnate spine, and 5 setae on inner 
margin, proximalmost seta minute, others as long as 
spine or longer; all setae except one smooth. Endopod 
1-segmented, small, about twice as long as wide, armed 
with 3 apical smooth setae, central seta longest. Exopod 
also distinct but very small segment, half as long as 
wide, armed with 2 apical smooth setae. 

Maxilla (Figures 3D, 7E) composed of syncoxa, 
basis and 1-segmented endopod. Syncoxa large, ovoid, 
with 3 endites, proximal and central ones armed with 
2 subequal setae, distal armed with 2 setae and 1 spine, 
all unipinnate; ornamentation consists of transverse 


row of strong spinules on proximal part of outer margin 
and 2 diagonal rows of minute spinules on posterior 
surface. Basis much smaller than coxa, elongate, armed 
with 1 apical claw-like spine (partly fused to basis), 1 
unipinnate and strong apical seta, and 2 slender and 
smooth lateral setae, 1 on anterior surface and 1 on 
posterior surface. Endopod very small, short and wide, 
armed with 5 smooth and slender setae apically and 
subapically, 2 of them fused basally to each other. 

Maxilliped (Figures 3E, 7E) prehensile, 3-segmented, 
composed of coxobasis and 2-segmented endopod. 
Coxobasis 1.6 times as long as wide, cylindrical, 
ornamented with arched row of large spinules on 
anterior margin, armed with 3 unipinnate strong setae 
on inner (median) margin, all about half as long as 
coxobasis. First endopodal segment about 2.3 times 
as long as wide and 1.5 times as long as coxobasis, 
ornamented with 1 longitudinal row of large spinules 
proximally on anterior surface and 1 longer row of 
smaller spinules on posterior surface; armed with 2 
slender and smooth setae, 1 centrally on inner margin 
and other subapically on posterior surface. Second 
endopodal segment smallest, only 0.36 times as long 
as first and twice as long as wide, armed apically with 
1 claw-like unipinnate spine and 1 slender and smooth 
seta; spine nearly twice as long as second endopodal 
segment and 1.5 times as long as seta. 

All swimming legs (Figure 2A) slender, short in 
comparison to body length and width, composed of 
small triangular praecoxa, large quadrate coxa, smaller 
basis, 3-segmented exopod, and 3-segmented endopod. 
Coxae in all legs connected with unornamented 
intercoxal sclerite. All exopodal and endopodal 
segments of about same length, except first endopodal 
segment of first leg which much longer. 

First swimming leg (Figures 3F, 7F) with short and 
wide small intercoxal sclerite, concave at distal end and 
unornamented. Praecoxa unarmed, ornamented with 
posterior row of minute spinules. Coxa also unarmed, 
but ornamented with several short horizontal rows of 
spinules of various sizes on anterior surface, those near 
outer margin longest and strongest. Basis armed with 1 
inner and 1 outer strong bipinnate spine, both about as 
long as inner margin of basis; ornamentation consists 
of several spinules at base of each spine, additional row 
of large spinules along distal margin between endopod 
and exopod, curved row of large spinules along inner 
margin, and 1 cuticular pore near base of outer spine 
(all on anterior surface). Exopod armed with single 
outer-distal spine on first and second segments, and 
with 2 outer spines and 2 apical geniculate setae on 
third segment; all exopodal segments ornamented with 
strong spinules along outer margin and subdistally, and 
additionally along inner margin of second segment; 
first exopodal segment with additional arched row of 
strong spinules on anterior surface proximally; inner 
geniculate seta on third segment only slightly shorter 
than entire exopod and about 1.5 times as long as outer 
geniculate seta. Endopod geniculate, with first segment 
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FIGURE 6 Schizopera cooperi sp. nov., SEM micrographs, paratype female 1: A, habitus, dorsal view; B, cephalothoracic 
shield, dorsal view; C, pleurons of free pedigerous thoracic somites, dorsal view; D, genital double-somite 
and two subsequent abdominal somites, dorsal view; E, preanal and anal somites and caudal rami, dorsal view; 
Fj left caudal ramus, dorsal view. Scale bars: A = 200 pm; B-E = 50 pm; F = 10 pm. 


0.9 times as long as entire exopod, 4.2 times as long as 
second endopodal segment, and about 3.6 times as long 
as wide; small sclerotised beak present proximally on 
inner margin of first segment, hidden behind inner spine 
of basis; third endopodal segment about 1.3 times as 
long as second endopodal; endopodal armature consists 
of 1 strong and long inner seta on first segment (inserted 
at about 4/5), and 3 setae on third segment (innermost 


slender and smooth, middle longest and geniculate, 
outermost spiniform seta (or spine?), 0.6 times as long as 
middle one); endopodal ornamentation consists of strong 
spinules along outer margin of all segments, and also 
along inner margin of first segment. 

Second swimming leg (Figure 4B) with even smaller 
praecoxa than in first leg, unarmed and unornamented. 
Coxa ornamented with single cuticular pore, 3 short 
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FIGURE 7 Schizopera cooperi sp. nov., SEM micrographs, A, paratype female 1, B-F; paratype female 2: A, anterior part 
of cephalothorax and rostrum, dorsal view; B, anterolateral part of cephalothoracic shield, ventral view; C, 
antennula, ventral view; D, exopod of antenna, ventral view; E, maxilla and maxilliped, ventral view; E first 
swimming leg, ventral view. Scale bars: A and C = 20 pm; B = 5 pm; D and E = 10 pm; F = 30 pm. 


horizontal rows of large spinules, and several minute 
spinules between two proximal rows, all on anterior 
surface. Intercoxal sclerite with paired, pointed, distal 
protrusions. Basis armed only with outer bipinnate 
spine, ornamented with small spinules at base of outer 
spine and with minute spinules along distal margin at 
base of endopod. Distal inner corners of first and second 
exopodal and endopodal segments with serrated hyaline 


frills. All exopodal and endopodal segments ornamented 
with strong spinules on outer margins; first and second 
segments also with less strong spinules along inner 
margins. Exopod armed with outer-distal spine on first 
and second segments, inner seta on second segment, 
2 outer spines and 2 apical setae on third segment; all 
spines and setae strong, spiniform, and bipinnate; outer 
apical seta on third segment looks like transitional stage 
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FIGURE 8 Schizopera cooperi sp. nov., SEM micrographs, A and B paratype female 2, C, paratype female 3, D-Ff paratype 
male 1: A, posterior part of genital double-somite and two subsequent abdominal somites, ventral view; B, anal 
somite and caudal rami, ventral view; C, exopod of fifth leg, lateral view; D, fifth and sixth legs, ventro-lateral 
view; E, distal tips of antennula and antenna, ventro-lateral view; E mouth appendages, ventro-lateral view. Scale 
bars: A = 50 pm; B, D, E = 30 pm; C = 10 pm; F = 20 pm. 


between spine and seta, with outer margin furnished 
with short spinules and inner margin with slender long 
spinules. Endopod as long as exopod, armed with single 
inner seta on second segment, and 4 elements on third 
segment: outer-distal short spine, 2 apical long setae, 
and 1 inner strong seta (inserted at 2/3). 

Third swimming leg (Figure 4C) very similar to 


second, except basis armed with outer slender seta 
instead of spine, and praecoxa ornamented with distal 
row of minute spinules; also pointed processes on 
intercoxal sclerite less sharp than in second leg. 

Fourth swimming leg (Figure 4D) similar to third leg, 
except inner seta missing on third endopodal segment, 
endopod only about 0.8 times as long as exopod, 
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FIGURE 9 Schizopera cooperi sp. nov., SEM micrographs, paratype male 2: A, habitus, lateral view; B, cephalothoracic 
shield, lateral view; C, pleurons of free pedigerous thoracic somites, lateral view; D, fifth pedigerous and genital 
somites, lateral view; E, anal somite and caudal rami, lateral view; F, mouth appendages, lateral view. Scale bars: 
A = 100 pm; B = 40 pm; C and D = 30 pm; E = 20 pm; F = 10 pm. 


spinules on praecoxa larger, and pointed processes on 
intercoxal sclerite even less sharp. 

Fifth leg (Figures 4E, 8C) biramous, composed of 
large baseoendopod and small exopod, with division 
line visible on both posterior and anterior surface. 
Baseoendopod with outer basal smooth seta arising 
from relatively short setophore, with one cuticular pore 
on anterior surface at base of setophore. Endopodal 


lobe almost triangular, extending to 3/4 of exopod 
in length, ornamented with small cuticular pore on 
anterior surface, armed with 4 very stout, spiniform, 
elements (2 inner ones probably spines, 2 outer ones 
probably spiniform setae); length ratio of endopodal 
armature elements, from inner side, 1 : 1.4 : 1.3 : 0.9. 
Exopod ovoid, about 1.3 times as long as maximum 
width, unornamented, armed with 6 elements: 2 inner 
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apical strong and bipinnate, outer apical smooth and 
slender, distal and central outer short and bipinnate, 
and proximal outer long and bipinnate; length ratio of 
exopodal armature elements, from inner side, 1 : 2.3 : 2 
: 0.5 : 0.6 : 1.4. 

Sixth leg (Figure 3A) indistinct, very small cuticular 
plate, covering gonopore, armed with 1 very small spine, 
fused basally to plate, and 2 setae; inner seta slender and 
smooth, about 2.4 times as long as outer bipinnate seta. 

Male (data from allotype and 8 other paratypes). Body 
length ranges from 354 to 390 pm (385 pm in allotype). 
Habitus (Figures 5A, 9A) more slender than in female, 
but also cylindrical, and with similar proportions of 
prosome/urosome, and cephalothorax/genital somite. 
Body length/width ratio about 5.05. Ornamentation of 
prosomites (Figures 5A, 9B, C), colour, and nauplius eye 
as in female. 

Genital somite (Figures 5A, B, 8D, 9D) twice as 
wide as long. Single, completely formed, longitudinally 
placed spermatophore inside first 2 urosomites in most 
specimens (also visible in allotype). Ventral pair of pores 
(no. 59) absent, but all other ornamentation elements 
present, including lateral pores nos. 57 and 58. 

Other abdominal somites (Figures 5A, B, 9D, E) 
similar to female, except slightly better ornamented with 
minute spinules on ventral surface. 

Caudal rami (Figures 5A, B, 9E) without any 
difference from those in female. 

Antennula (Figures 5C, 8E10C, 11B) half as long as 
cephalothorax, strongly prehensile and 9-segmented 
(basically female sixth segment subdivided), with 
geniculation between fourth and fifth and seventh 
and eighth segments. Segments that participate in 
geniculation strengthened with cuticular plates along 
anterior surface, largest ones being on sixth segment. 
Aesthetascs as in female, on fourth and last segments; 
that on fourth segment somewhat wider than in female. 
First 2 and last 2 segments similar to female. Setal 
formula: 1.9.7.5.1.0.1.4.6. Most setae smooth and with 
pore on top; same setae biarticulated as in female. 

Antenna (Figure 8E), labrum (Figure 8F), mandibula 
(Figures 8F, 9F), maxillula (Figures 8F, 9F), maxilla 
(Figures 8F, 9F), maxilliped (Figures 8F, 9F), exopod 
and endopod of first swimming leg (Figure 9A), exopod 
of second swimming leg (Figure 5E), first 2 endopodal 
segment of third swimming leg, and fourth swimming 
leg (Figure 9A) similar to female. 

First swimming leg (Figure 5D) with modified basis, 
inner margin very rigidly sclerotised, with spiniform 
smooth distal process. Inner spine on basis smaller than 
in female, without spinules at its base, inserted more 
proximally, and slightly longer than spiniform process 
of basis. 

Second swimming leg (Figure 5E) with transformed 
endopodal second and third segments. Second segment 
with part of inner margin protruded as rounded 
indistinct lobe, without ornamentation on surface; inner 


seta shorter than in female, unipinnate and slender. 
Third segment completely modified; inner seta absent 
and 2 ancestral apical setae transformed into smooth 
spiniform armature elements of about same length; outer 
one stronger and with abruptly sharpened tip. Ancestral 
outer spine completely fused to somite, transformed 
into very strong and smooth thorn, which only slightly 
longer than ancestral apical elements. As result of these 
transformations, third segment medially cleft. 

Third swimming leg (Figure 4F, G) with very 
characteristic element on anterior surface of third 
exopodal segment (Figure 4F) swollen at basal part, with 
pore on tip, inserted at 2/5 and close to inner margin, not 
reaching distal margin of third segment; this structure 
probably represents very enlarged tubular pore. Third 
endopodal segment without inner seta (Figure 4G). 

Fifth legs (Figures 5B, 8D, 9D) with basally fused 
baseoendopods but ornamented with 2 cuticular pores 
on anterior surface as in female. Endopodal lobe much 
smaller and shorter, trapezoidal, extending to middle 
of exopod in length, armed with 2 very strong apical 
spines; inner spine about 1.3 times as long as outer 
one. Exopod about 0.8 times as long as its maximum 
width, demarcated basally on both anterior and posterior 
surface, armed with only 4 elements; 2 short outer 
elements, which present in all examined females, 
not observed in any male specimens; length ratio of 
exopodal armature elements, from inner side, 1: 2.2 : 2 
: 1. 

Sixth legs (Figures 5B, 8D, 9D) pair of small and short 
cuticular plates, without armature or ornamentation; 
right better demarcated at base and probably functions 
as genital flap. 

VARIABILITY 

In addition to the slight variability in body length (see 
above), several other features were observed as variable. 
One paratype female has a deformed right caudal ramus 
(Figure 6E), without inner and central apical setae, and 
with distal lateral seta inserted more dorsally than in 
normal condition. One paratype male is missing one 
sensillum (no. 45) on the third pedigerous somite (Figure 
9C), as well as three ventro-lateral pores (nos. 54, 57, 
58) on the first two urosomites (Figure 9D). Posterior 
dorsal pair of sensilla on the cephalothoracic shield (no. 
31) is slightly asymmetrical in the allotype male (Figure 
5A), although it is symmetrical in all other examined 
specimens (see Figure 6B). Absence of inner seta on the 
third endopodal segment of third swimming leg (Figure 
4G) may be part of individual specimen variability, 
rather than sexual dimorphism, but more specimens 
would have to be examined to confirm this. 

ETYMOLOGY 

The species is named in honour of Professor Steven 
J.B. Cooper from the South Australian Museum in 
Adelaide, who supervised sequencing for this study and 
helped with molecular cladistic analyses. The name is a 
noun in the genitive singular. 


136 


T.KARANOVIC AND J. MCRAE 


DISCUSSION 

Morphological affinities of the new species clearly lie 
with S. weelumurra, a species described from a single 
female collected some 65 km north of Tom Price (about 
100 km NE of the type locality of S. cooperi), and not 
with the geographically much closer S. roberiverensis 
(easternmost population about 45 km SE of the type 
locality of S. cooperi ; see Figure 1). The new species 
differs from S. roberiverensis by a great number of 
morphological features, the most important being: 
shorter caudal rami; the third endopodal segment of 
first, second (in female only), and third legs with inner 
seta present (absent in S. roberiverensis)-, the second 
exopodal segment of second and third legs with inner 
seta present (absent in S. roberiverensis)-, much longer 
seta on the first endopodal segment of first leg; six 
setae present on the exopod of the female fifth leg 
(five in S. roberiverensis)-, exopod of the female fifth 
leg distinct segment (partly fused to basaeoendopod 
in S. roberiverensis)-, and two setae present on the 
female sixth leg (only one in S. roberiverensis). 
Karanovic (2006) reported some differences between 
the easternmost population of S. roberiverensis 
(from bore TPB2-1; see Figure 1) and from the type 
locality (some 250 km apart), but both populations 
showed a great variability with many asymmetries 
and abnormalities among animals. Therefore, it was 
impossible to confidently separate the two populations 
on morphological evidence alone, and obtaining fresh 
samples for molecular analyses should be an important 
goal of any future studies of this genus in Australia. 

Morphological differences between S. cooperi and S. 
weelumurra are minute in comparison to those between 
S. roberiverensis and these two species. For example, 
the two species share the same armature formula of all 
swimming legs, as well as that of the fifth and sixth 
legs. The new species can be distinguished by a longer 
innermost armature element on the fifth leg endopod, 
longer slender apical seta on the fifth leg exopod, wider 
anal sinus, and larger teeth on the pesudoperculum. 
These are all female characters because males are still 
unknown for S. weelumurra. We have no doubt that 
the two are separate, although closely related species, 
but obtaining additional samples of S. weelumurra for 
morphological studies should be a priority. Equally 
important is getting fresh material for molecular studies, 
now that we have sequences for a significant number of 
Australian congeners. 

DNA was extracted and the COI fragment 
successfully PCR-amplified from 43 copepod specimens 
(Table 1). All sequences were translated into protein 
using MEGA and were shown to have no evidence 
of stop codons, ambiguities or insertions/deletions 
indicative of non-functional copies of COI. BLAST 
analyses of GenBank revealed that the obtained 
sequences are copepod in origin and not contaminants. 
Average pairwise distances between species were 
found to be very high, with the lowest divergence 
(15.4%) between S. leptafurca and S. uranusi. There 


was evidence for multiple divergent (12.3% average 
sequence divergence; 12-16.5% divergence between 
haplotypes) lineages within the species S. akation but 
the question remains whether these lineages represent 
the presence of cryptic species, or are divergent 
mtDNA sequences within a species. Our cladistics 
analysis (Figure 10) supported the presence of at least 
11 genetically divergent ingroup lineages and all six 
of the multi-sample lineages were supported with 
posterior probabilities of 1. A sister group relationship 
of S. uranusi with S. leptafurca was strongly supported, 
as well as the monophyly of a group comprising 
S. uranusi, S. leptafurca, S. emphysema, and S. 
cooperi (the former showing a posterior probability 
of 1, the latter of 0.99). There is also a strongly 
supported sister group relationship of S. analspinulosa 
s. str. and S. analspinulosa linel (posterior probability 
of 0.94). Although morphological evidence would 
suggest a relatively close relationship of S. kronosi, 
S. analspinulosa s. str., and S. analspinulosa linel, 
posterior probabilities for this arrangement were 
very low (<0.5%). This lack of support is likely to be 
the result of the low phylogenetic resolution of the 
COI gene in basal nodes of the tree, possibly due to 
saturation at third codon positions. The one specimen 
that did not match our morphospecies (7439; preliminary 
identification as S. uranusi) formed a separate lineage 
and is likely to represent another uncharacterised species 
of Schizopera. 

It is interesting to note that the two congeners from 
the Pilbara (arrows in Figure 10) do not seem to be very 
closely related, in fact, they have much closer relatives in 
the neighbouring Yilgarn region. This would imply that 
their presence in the subterranean waters of the Pilbara 
region is a consequence of two independent colonisation 
events. Whatever the status of the easternmost 
population of S. roberiverensis, there is no doubt that 
the disjunct populations of S. roberiverensis are all 
closely related. A similar disjunct pattern of distribution 
is present between the closely related S. weelumurra 
and S. cooperi (Figure 1) and the known localities 
of the two species are in separate drainage systems. 
Therefore, it seems that the best colonisation model for 
Pilbara Schizopera species/populations would be that 
of subterranean habitat invasion from ancestors that 
had a wider distribution in surface water habitats. This 
hypothesis of surface invasion is in stark contrast to the 
evolutionary history of the genus in the neighbouring 
Yilgarn region, where Karanovic and Cooper (2012) 
were able to demonstrate an active dispersal upstream 
for a number of species (i.e. ancestors of Recent species 
were probably already stygobionts, possibly colonising 
from the marine interstitial along palaeochannels). 

The suggested differences in the colonisation history 
of the only stygobitic copepod genus to occur in both 
the Pilbara and Yilgarn may provide clues to the reasons 
for the observed stygofaunal differences between the 
two regions. However, a much broader sampling of taxa 
to derive molecular phylogenies is necessary to answer 


SCHIZOPERA IN THE PILBARA 


137 


0.93 


p 7417_S. kronosi 
4 — 7308_S. kronosi 
* 8393 S. kronosi 


0.94 


q- 


7342_S.akation 
8479_S. akation 
8496 S. akation 


0.99 

- 8533 S.akation 


8517_S .akation 


0.53 


0.94 


0.72 


7439_S. uranusi sp. 2 

1 I 7360_S. analspinulosa linel 
■ 8533_S. analspinulosa linel 
8517_S. analspinulosa s. str. 

1 I 7730_Pilbara Solomons S. sp. 2 



^7106_Pilbara SolomonsS.sp. 2 

8496_S. akolos 

505/6_S. cooperi sp. nov. 

7304_S. emphysema 
7421.1_S. leptafurca 

■ 7421,2_S. leptafurca 
7433_S. leptafurca 

■ 7389_S. leptafurca 

■ 8393_S. leptafurca 
7417_S. leptafurca 
8417_S. leptafurca 
8479_S. leptafurca 
8538_S. leptafurca 

— 8385_S. leptafurca 
7131_S. leptafurca 
8464_S. leptafurca 
7374_ S. uranusi 
7342.1_S. uranusi 
7342.2_S. uranusi 
8302_S. uranusi 
8479_S. uranusi 
8417_S. uranusi 
8427_S. uranusi 
7081 a_A. hamondi 
7081 b_A. hamondi 
7122_A. hamondi 
8527_A. hamondi 

7991_Pilbara E. humphreysi 
8110_Pilbara E. humphreysi 
0.98 1 8119_Pilbara E. humphreysi 


U' 


0.2 


FIGURE 10 MrBayes 50% posterior probability cladogram based on mtCOI sequences of eight Schizopera species from 
theYilgarn region, S. cooperi sp. nov., one as yet unidentified species from the Pilbara region (S. sp. 2), and two 
outgroup taxa from the family Canthocamptidae ( Australocamptus hamondi Karanovic, 2004 from the Yilgarn 
and Elaphoidella humphreysi Karanovic, 2006 from the Pilbara). Posterior probabilities shown above branches. 
Arrows point to two Schizopera species from the Pilbara region. 
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these interesting questions with confidence, and that is 
why collection of more Schizopera species (including 
those from surface water habitats, like the provisionally 
identified S. clandestina from Lake Gardner and Lake 
Coyrecup) is so important. 

KEY TO AUSTRALIAN SPECIES OFTHE 
GENUS SCHIZOPERA 

This key is based on female characters, because males 
of S. kronosi, S. oldcuei, and S. weelumurra are as yet 
unknown. The record of the provisionally identified S. 
clandestina by Halse et al. (2002) needs to be verified, 
and this species is not included in the key. 

1. Urosomites and caudal rami ornamented with 

dense cover of long spinules.6 

Spinules on somites minute and much more 

sparse.2 

2. Preanal somites without spinules; endopod of 

fourth leg 2-segmented . S. akolos 

Urosomites ornamented with 2-4 rows of 
minute triangular spinules; endopod of fourth 
leg 3-segmented .3 

3. Caudal rami without large spinules along 

anterior part of inner margin . 4 

Caudal rami with large spinules along anterior 

part of inner margin. S. akation 

4. Third endopodal segment of first, second, and 
third leg without inner seta .... S. roberiverensis 

This segment with inner seta present . 5 

5. Innermost element on fifth leg endopod slightly 

longer than outermost . S. cooperi 

Innermost element on this segment much 
shorter than outermost . S. weelumurra 

6. Two dorsalmost spinules on anal somite 

enlarged. 7 

All spinules on anal somite of about same size 
. 9 

7. Inner apical setae on third endopodal segment 

of second to fourth legs well-developed. 8 

These setae minute and smooth. S. kronosi 

8. Coxa of first leg with 3 outer groups of large 

spinules on anterior surface; 2 distal outer 
elements on fifth leg exopod as strong as 
proximal one . S. a. analspinulosa 

Only 2 groups of large spinules on coxa of 
first leg; 2 distal outer elements on fifth leg 


exopod much more slender than proximal one 
S. analspinulosa linel 

9. Caudal rami widest at anterior margin (where 

attached to somite) . 10 

Caudal rami widest at middle, with inflated 
appearance. S. emphysema 

10. Caudal rami conical or cylindrical . 11 

Caudal rami constricted at middle 
. S. leptafurca 

11. Caudal rami less than four times as long as wide 
. 12 

Caudal rami more than four times as long as 


wide . S.jundeei 

12. Outer apical seta on caudal rami much longer 
than ramus. 13 

This seta about as long as ramus . S. oldcuei 


13. Caudal rami more than twice as long as wide 

14 

Caudal rami less than twice as long as wide 

15 

14. Caudal rami almost cylindrical, proximal 
outer and dorsal setae at 2/3 of ramus length 
S. uramurdahi 

Caudal rami more conical, proximal outer and 
dorsal setae at midlength . S. uranusi 

15. Caudal rami slender when compared to anal 

somite, about 1.7 times as long as wide; 
baseoendopod of fifth leg ovoid, exopod armed 
with 5 elements . S. depotspringsi 

Caudal rami broad, 1.4 times as long as wide; 
baseoendopod of the fifth leg triangular, exopod 
armed with 6 elements . S. austindownsi 
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ABSTRACT - A new species of subterranean carnivorous water beetle, Limbodessus bennetti sp. 
nov. (Dytiscidae) is described from an alluvial aquifer in the northern Pilbara of Western Australia. The 
new species is most closely related, by morphological and DNA evidence, to species of stygobitic 
Limbodessus from theYilgarn region of Western Australia. 


KEYWORDS: Coleoptera, Dytiscidae, Limbodessus, stygobitic, Pilbara, Australia 


INTRODUCTION 

In the last few years a large number of small 
carnivorous water beetles (Dytiscidae) have been 
discovered living in underground aquifers in inland 
Australia (Watts and Humphreys, 2009 and references 
within). In most cases these are restricted to areas of 
calcrete which are cavernous and porous which allows a 
small but diverse fauna to live in them. Here we report 
the discovery of two specimens of a new Limbodessus 
Guignot, 1939 species from the Hamersley Range on the 
northern edge of the Pilbara region of Western Australia. 
Most calcretes in the Yilgarn region of Western 
Australia to the south of the Pilbara that have been 
sampled typically have two - three beetle species of the 
genera Limbodessus and/or Paros ter Sharp, 1882 living 
in them. However, puzzlingly, no beetles have been 
found in the extensive aquifers of the Pilbara region 
abutting it to the north despite numerous studies and 
abundant food in the form of various Crustacea (Halse 
et al. 2014, in press). Morphologically and biochemically 
the new species is clearly related to stygobitic members 
of Limbodessus found in the Yilgarn. 

METHODS 

Specimens were collected while scraping for 
troglofauna using a weighted plankton net (150 pm 
mesh size) drawn through the water column to a depth 
of 1 m. in a drill hole that penetrated the aquifer. The 


specimens were preserved in 100% ethanol. Colour 
illustrations of the habitus were made using a Leica M8 
binocular microscope and a photomontage program. The 
resultant digital images were manipulated to a standard 
configuration and enhanced using Photoshop CS. Line 
drawings were prepared from photographic images. 

The specimens are deposited in the collections of the 
Western Australian Museum, Perth (WAM). 

SYSTEMATICS 
Family Dytiscidae Leach, 1815 
Tribe Bidessini Sharp, 1882 
Genus Limbodessus Guignot, 1939 

Limbodessus Guignot 1939: 52. 

TYPE SPECIES 

Hydroporus compactus Clark, 1862, by original 
designation. 

DIAGNOSIS 

Limbodessus can be distinguished from other dytiscid 
genera as follows: length 1.0-3.5 mm, body elongate, 
without sutural striae, inner margins of metacoxal wings 
not strongly ridged. 


urn:lsid:zoobank.org:pub:B41 B8B2C-C223-49D3-9F61-6F56A3E889B0 
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Limbodessus bennetti sp. nov. 

Figures 1-4 

urn:lsid:zoobank.org:act:A5D48232-F8B5-4F05-846F- 

4D108CBCB3B8 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: S, Solomon mine 
site, Hamersley Ranges, 22°07'15.9"S, 117°44'05.7"E, 
5 September 2011, J.S. Cocking, S.R. Bennett; original 
label data: “WA Solomon, Hamersley Ranges 22 07 15.9 
117 44 5.7, 5/9/11, J. S. Cocking, S. R. Bennett” (WAM 
E83889). 

Paratype 

Australia: Western Australia: 1 $, as for holotype 
(WAM E83890). 

DESCRIPTION 

Number examined = 2. 

Habitus : length 1.65 mm; relatively flat, disc of elytra 
somewhat depressed, weakly constricted at junction of 
pronotum/elytra; elongate/oval, elytra slightly wider in 



middle; uniformly light testaceous; hindwing reduced, 
about a third length of elytron. 

Head: a little narrower than elytra; smooth, shiny, 
punctures large about a puncture width apart, absent 
along posterior margin; subparallel in posterior half, 
widest in middle; eye remnant reduced to a single short 
suture. Antenna relatively thin, segments 1 and 2 bean¬ 
shaped cylindrical, segment 3 a little shorter than segment 
2, narrower, narrowing towards base, segment 4 shorter, 
segments 5-10 approximately equal in shape, about as 
wide as long, weakly expanded at apex on inside; segment 
11 almost as wide, about twice length of segment 10, each 
segment, except segment 1, with some very small setae on 
inside apically. Maxillary palpus, rather stout, segment 4 
as long as segments 1-3 combined. 

Pronotum: about as wide as elytra; anterolateral 
angles projecting strongly forward; weakly constricted 
just before base, posterolateral angles almost square, 
overlying elytra somewhat; smooth, reticulation weak, 
punctures large but a bit smaller than those on head; 
basal plicae sharply impressed, straight, reaching about 
half way across pronotum, excavated on inside; with row 
of long setae laterally in anterior half. 

Elytra : not fused, lacking inner ridges; a little wider 
in middle; smooth, finely reticulate, dull, punctures as 



FIGURES 1-4 Limbodessus bennetti sp. nov.: 1, aedeagus, lateral view of medial lobe, ventral view of medial lobe and 
lateral view of paramere; 2, mesotrochanter and mesofemur; 3, metatrochanter and metafemur; 4, habitus. 
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on pronotum, without row of larger punctures inwards 
from suture. Epipleuron weakly differentiated from rest 
of elytron, that portion of elytron visible ventrally, thin 
except at shoulders. 

Ventral surface : prosternal process strongly narrowed 
between coxae, not reaching mesoventrite, apex arrow- 
shaped, tip pointed, strongly arched in lateral view with 
highest point (viewed ventrally) between coxae. Anterior 
margin of mesoventrite in midline sculptured to accept 
pronotal process. Mesocoxae in contact at midline. 
Metaventrite wings narrow, rounded in midline behind. 
Metacoxal plates large, shiny, virtually nonreticulate, 
metacoxal lines obsolete; closely adpressed to ventrite 1. 
Sutural lines between ventrites 1 and 2 reaching sides; 
ventrites 3-5 mobile, sparsely covered with small seta- 
bearing punctures, ventrites 3 and 4 with a central bunch 
of long setae. 

Legs: pro-tibia elongate-triangular, widest near 
apex where it is about four times its basal width; pro¬ 
tarsus moderately expanded, segment 1 nearly 2x as 
long as broad, segment 2 as wide as segment 1 and 
about a half its length, lobes well marked, segment 3 
longer than segment 1, about as wide, deeply bilobed, 
segment 4 very small, hidden within lobes of segment 
3, segment 5 narrow, cylindrical, about length of 
segment 3, segments 1-3 with adhesive setae; claws 
relatively short. Mesotrochanter elongate-rectangular 
with two setae on inner edge near base, the inner one 
half the length of other; mesofemur with two spines, 
the inner half length of the other, close together near 
base; mesotarsus similar to protarsus except a little 
more elongate. Metatrochanter large, broadly oval, tip 
rounded; metafemur relatively thin, lacking spines; 
metatibia narrow, weakly curved, widening towards 
apex; metatarsus rather stout, segment 1 longest, 
segment 5 a little longer than segment 4, segments 1 and 
2 in combination about as long as others; claws weak. 

Male (Figures 1-3): little external difference between 
the sexes. Median lobe of aedeagus long, relatively thin, 
evenly narrowing towards tip, tip blunt; basal segment 
of paramere relatively broad, apical segment relatively 
long, broad, apical lobe long, thin, well separated from 
rest of segment, tip rounded. 

ETYMOLOGY 

Named after Sean Bennett, the collector of the 
specimens. 

DISCUSSION 

The small size, straight pronotal plicae, stout legs and 
antenna, round metatrochanters and, particularly, the 
strong dorsal punctures separates Limbodessus bennetti 
from all other known Limbodessus. In the key given in 
Watts and Humphreys (2009) it will run to couplet 17 
but fits neither. Perhaps it best fits L. cunyuensis Watts 
and Humphreys but differs from this species in shape 
of parameres and penis and the small number of spines 
on the mesofemur as well as its strong punctures. Both 
specimens have a distinct depression on the disc of their 


elytra but it is possible that this is an artefact caused in 
some way by their handling. Sequence data based on the 
COl gene places Limbodessus bennetti nearest to, but 
distant from, L. narryerensis Watts and Humphreys (R. 
Leys pers. com.). Both the morphology and the sequence 
data clearly place Limbodessus bennetti within the 
Western Australian radiation of stygobitic Limbodessus 
centred on the Yilgarn. 

The two specimens were collected during a 
troglofauna survey from a drill hole in an aquifer in 
Tertiary detritals in a valley of the Hamersley Range, 
together with isopods, amphipods and copepods. The 
depth to groundwater was 5 m. No details of water 
chemistry were taken. This discovery adds to the 
sparse record of subterranean Dytiscidae from alluvial 
aquifers in Australia ( Paroster peelensis Watts et al., 
2008, Carabhydrus stephanieae Watts et al., 2007, and 
Paroster extraordinarius Leys et al., 2007), as distinct 
from the abundance of species from calcrete deposits 
in palaeodrainage channels in arid regions (Watts and 
Humphreys 2009). The distinct difference in the number 
of coexisting beetle species between alluvial aquifers 
and calcrete deposits presumably reflects differences in 
their ecology and possibly also their mode of speciation 
in turn driven by the large differences in the physical 
environments. 
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ABSTRACT - The Australian pygopodid genus Aprasia comprises a group of small, morphologically 
conservative, worm-like fossorial lizards, many of which are distributed along the west coast of the 
continent. This study re-examines the taxonomic distinctiveness of the two most northerly occurring 
species in Western Australia: A. fusca and A. rostrata, which are very similar in morphology. A 
combined morphological and allozyme analysis revealed these two species to be conspecific with A. 
rostrata considered a senior synonym of A. fusca. As a consequence, we have redescribed A. rostrata. 
The allozyme analysis also revealed a new species, named here as Aprasia litorea sp. nov. This species 
occurs in the Lake Macleod region, well to the south of its congener, A. rostrata, and the two species 
are diagnosable using a conservative suite of morphological and meristic characters. 


KEYWORDS: worm lizard, synonymy, Aprasia litorea sp. nov., North West Cape, Montebello Islands, 
Barrow Island, allozyme electrophoresis 


INTRODUCTION 

The taxonomy of the pygopodid gecko genus Aprasia, 
a group of small, worm-like fossorial lizards, is 
understated with exceptional species-level diversity in 
Western Australia (Aplin and Smith 2001: 70; Maryan et 
al. 2013). Based largely on allozyme data, the composite 
nature of some members of the A. repens species-group 
(as defined by Storr et al. 1990) has been revealed 
along with the existence of a suite of cryptic, new taxa 
occurring along the west coast between Geraldton and 
the North West Cape. One of the interesting taxonomic 
issues revealed, concerned the status of the most 
northerly-distributed species, A. rostrata Parker, 1956, 
on the Montebello Islands and Barrow Island, and A. 
fusca Storr, 1979, on the North West Cape, both of which 
have undergone several taxonomic changes since first 
being described. 

Two specimens of Aprasia were collected on Hermite 
Island by Frank L. Hill in 1952 during the testing of 


the first British atomic weapons (Hill 1955). These 
were described as A. repens rostrata (Parker 1956) 
but subsequently elevated to full species by Kluge 
(1974). Storr (1979) described A. rostrata fusca from 
the North West Cape mainland. Storr et al. (1990) later 
elevated the mainland population to full species without 
comment. Being restricted to a single island, A. rostrata 
was thought to be vulnerable to extinction, based on 
the combined impact of anthropogenic disturbance, 
predation by introduced animals and residual impacts 
from the testing of atomic weapons (Cogger et al. 1993). 
This perception was further reinforced by the results 
of recent surveys on the islands (Burbidge et al. 2000; 
Richardson et al. 2006) that failed to collect additional 
specimens. At present, A. rostrata is listed as Vulnerable 
at the National level (Commonwealth: 2006 IUCN Red 
List), and at the state level (Schedule 1 fauna list) as a 
species ‘that is rare or likely to become extinct’ (WA 
Government Gazette, 9 April 2002). 


urn:lsid:zoobank.org:pub:4A5D1652-C32E-440C-BF86-A770735C9B8F 
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Considering the conservation status of A. rostrata, 
and particularly in view of the possible occurrence of 
this species on the mainland (Aplin and Smith 2001: 
70), a revision of all northerly populations of Aprasia in 
Western Australia referable to A. fusca or A. rostrata is 
warranted. To resolve the taxonomic status of these two 
morphologically similar species, additional specimens 
of A. rostrata from the type locality were required, and 
in this regard, the collection of four A. rostrata from 
Hermite and Trimouille Islands after a 54-year gap 
(Maryan and Bush 2007) was pivotal in allowing these 
studies to be undertaken. 

This paper presents the results of a combined 
morphological and allozyme study of all specimens of 
Aprasia from north of Carnarvon, referable to either 
A. fusca or A. rostrata. It validates the provisional 
assessment made by Aplin and Smith (2001: 70) that A. 
rostrata is present on the mainland and demonstrates 
that typical A. fusca is conspecific with A. rostrata. 
Finally, we demonstrate that a population of Aprasias 
from coastal sand dunes and adjacent sand plains west of 
Lake Macleod, listed by McKenzie et al. (2000: 344) as 
Aprasia sp. aff. fusca, is an undescribed species which 
we herein diagnose and name. 

METHODS 

MORPHOLOGICAL ANALYSIS 

The eight individuals of the suspected new species 
from west of Lake Macleod were compared to all 
available specimens of A. fusca from the North West 
Cape and A. rostrata from the Montebello Islands and 
Barrow Island (Appendix and type lists in Taxonomy 
section). All specimens are from the collections of the 
Western Australian Museum, Perth (WAM). Liver 
samples of those specimens with tissues extracted 
are stored at -70°C at WAM. Sex of individuals was 
determined by visual inspection of everted hemipenes 
and presence of post-cloacal spur in males, or by direct 
internal examination of gonads. 

For the purpose of this study the following 
morphometric data were recorded using digital calipers 
to the nearest 0.1 mm: snout-vent length (SVL), tail 
length (TailL), head depth immediately behind eye 
(HeadD), head length from tip of snout to posterior 
margin of frontal scale (HeadL), head width between 
eye (HeadW), rostral length between anterior and 
posterior point of scale (RL), rostral width between 
lateral extremes of scale (RW), snout length from tip of 
snout to anterior margin of eye (SnL) and width of the 
eye (EyeW). Three meristic counts were taken: number 
of midbody scale rows counted midway around body 
(Mbs), number of ventrals counted from immediately 
behind mental scale to vent (Vent) and number of 
vertebrals counted from immediately behind frontal 
scale to above vent (Vert). Specimens preserved in a 


circular or twisted position were straightened on a flat 
surface when measured for snout-vent and tail length. 
Tails were not measured if they were recently broken or 
obviously regenerated, as suggested by a clear break in 
colouration. 

These morphological variables were subjected 
to multivariate analysis using the PRIMER v6 
computer program (Clarke and Gorley 2006) with the 
PERMANOVA+ add-on (Anderson et al. 2008). 

ALLOZYME ANALYSIS 

The allozyme analysis presented here builds upon 
a companion study by Maryan et al. (2013), which 
assessed the affinities among seven of the nine species 
of Aprasia found in Western Australia based on 
allozymes. This earlier study, undertaken in 2006, 
included six A. fusca from several locations, but did not 
include A. rostrata, due to the unavailability of tissues 
at the time. The present study integrates the allozyme 
profiles of the 25 individuals genotyped by Maryan et 
al. (2013) with those obtained for an additional three A. 
fusca from the most southerly portion of its range, and 
for the four A. rostrata collected by Maryan and Bush 
(2007). Details of the specimens screened are provided 
in the Appendix. 

Allozyme electrophoresis of liver homogenates was 
conducted on cellulose acetate gels as described by 
Richardson et al. (1986), screening the same suite of 
enzymes employed by Maryan et al. (2013). We also 
used the same analytical procedures as our previous 
study, namely (1) an initial, individual-based assessment 
to define taxa from first principles using stepwise 
Principal Co-ordinates (PCO) analysis, followed by 
(2) a taxon-based assessment of the genetic affinities 
among species, via the construction of a neighbour¬ 
joining tree from pairwise matrices of both the number 
of fixed differences and Nei’s unbiased Distance. All 
methodological details for these two procedures are 
presented in Maryan et al. (2013). 

RESULTS 

MORPHOLOGICAL ANALYSIS 

Examination of the mensural and meristic data 
presented in Table 1 and subjected to the PCO analysis 
(Figure 1) clearly differentiates the new species from A. 
rostrata, but was unable to distinguish Montebello and 
Barrow Island specimens from those collected on the 
North West Cape mainland (the latter formerly referable 
to A. fusca). Several characters separate the new species 
from A. rostrata, including the key meristic difference 
in Mbs and counts for the Vent and Vert scales which are 
considerably lower in the new taxon. Slight differences 
in head proportions show the new taxon to possess a 
shorter HeadL and corresponding SnL, combined with 
shallower HeadD and narrower HeadW values. The new 
taxon appears to attain a smaller adult size. 
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TABLE 1 The mean, range, ± one standard deviation (SD) and sample size (N) of the principal morphological measurements 
(mm) and counts for A. rostrata and A. litorea. 



Mean 

A. rostrata 
Range 

SD 

N 

Mean 

A. litorea 
Range 

SD 

N 

SVL 

97.5 

72-126 

11.9 

26 

84.8 

60-98 

12.8 

7 

TailL 

61.2 

54-80 

18.8 

14 

60.7 

40-71 

14.4 

4 

HeadD 

1.8 

1.2-2.4 

0.2 

26 

1.6 

1.4-1.8 

0.1 

7 

HeadL 

2.7 

2.4-3.2 

0.2 

26 

2.5 

23-2.7 

0.1 

7 

HeadW 

1.9 

1.5-2.2 

0.1 

26 

1.7 

1.5-1.7 

0.0 

7 

RL 

0.7 

0.5-1.2 

0.1 

26 

0.7 

0.6-0.7 

0.0 

7 

RW 

0.6 

0.5-0.7 

0.0 

26 

0.6 

0.5-0.6 

0.0 

7 

SnL 

1.7 

1.5-2.0 

0.1 

26 

1.5 

1.4-1.6 

0.0 

7 

EyeW 

0.6 

0.5-0.9 

0.0 

26 

0.6 

0.5-0.8 

0.1 

7 

Mbs 

14 

- 

0 

26 

12 

- 

0 

7 

Vent 

183.8 

172-192 

6.3 

26 

165.4 

162-170 

3.7 

7 

Vert 

179.2 

168-190 

6.3 

26 

162.5 

158-168 

4.5 

7 


TABLE 2 Allozyme frequencies at all variable loci for the eight Aprasia taxa included in the allozyme study. For polymorphic 

loci, the frequencies of the most common allele(s) is/are expressed as percentages and shown as superscripts 
(allowing the frequency of the rarest alleles to be calculated by subtraction from 100%). Sample sizes are 
given in brackets directly under each taxon. A dash (-) indicates this locus was not interpretable due to lack of 
sufficient enzyme activity. The following loci were invariant: Akl, Gapd, Got2, Guk, Lap, Ldh, Mdh, Ndpk, Pgk, 
Tpi, and Ugpp. 


Locus 

rostrata 

island 

(4) 

rostrata 

mainland 

(6) 

litorea 

(3) 

clairae 

(3) 

smithi 

(2) 

repens 

(7) 

haroldi 

(1) 

pulchella 

(4) 

striolata 

(2) 

Aconl 

a 

a 80 ,b 

a 

c 

d 

c 

c 

a 

a 

Acon2 

f 

f 

f 

c 

d 50 ,g 

c 93 ,a 

c 

a 

e 75 ,b 

Acp 

a 

a 

a 

a 

a 

a 

a 

a 75 ,b 

a 

Acyc 

a 

a 

a 

a 

a 

a 

a 

b 

b 

Ak2 

b 

b 

b 

b 
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FIGURE 1 Principal Co-ordinates (PCO) analysis, based on Euclidean distances of morphological variables for 
A. rostrata (A) and A. litorea (•), with the percentage variation explained by each of the first two axes. 


ALLOZYME ANALYSIS 

The integrated allozyme dataset for the present 
study plus that of Maryan et al. (2013) comprised the 
genotypes of 32 individuals at 38 putative allozyme loci. 
These data are summarised by final taxon and locus in 
Table 2. An initial PCO on all individuals defined four 
primary groups (Figure 2a), one for each of the two 
species outside the A. repens species-group (A. pulchella 
and A. striolata ), a third corresponding to all specimens 
north of latitude 23°S (referable to either A. fusca or A. 


rostrata ), and the fourth, a composite group of the three 
southern specimens also formerly assigned to A. fusca, 
plus the other four members of the A. repens species- 
group. This primary northern versus southern dichotomy 
within A. fused’ was supported by fixed differences at 
10 allozyme loci, a value at the higher end of those found 
between other species in the group (Table 3). 

A follow-up PCO on the composite ‘southern’ 
group within the A. repens species-group indicated 
that all constituent species, including A. litorea, were 


TABLE 3 Pairwise genetic distance values between species and regional populations within the Aprasia repens species- 
group. Lower left-hand triangle = number of loci displaying a fixed allozyme difference; upper right-hand triangle 
= unbiased Nei Distance. 



rostrata 

island 

rostrata 

mainland 

litorea 

clairae 

smithi 

repens 

haroldi 

pulchella 

striolata 

rostrata island 

- 

0.04 

0.35 

0.31 

0.34 

0.32 

0.32 

0.58 

0.47 

rostrata mainland 

0 

- 

0.31 

0.28 

0.34 

0.31 

0.27 

0.54 

0.44 

litorea 

10 

10 

- 

0.26 

0.36 

0.20 

0.13 

0.47 

0.42 

clairae 

9 

8 

8 

- 

0.30 

0.11 

0.14 

0.37 

0.30 

smithi 

11 

11 

11 

9 

- 

0.22 

0.23 

0.50 

0.42 

repens 

9 

9 

7 

3 

7 

- 

0.09 

0.45 

0.41 

haroldi 

9 

8 

4 

4 

7 

3 

- 

0.47 

0.34 

pulchella 

15 

14 

13 

10 

13 

13 

12 

- 

0.24 

striolata 

14 

13 

13 

10 

13 

13 

10 

7 

- 
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Dimension 1 
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FIGURE 2 Stepwise Principal Co-ordinates analysis of the 32 Aprasia included in the extended allozyme study. Individuals 
are identified by a symbol depicting its morphotype. (a) Initial PCO of all specimens. Relative PCO scores have 
been plotted for the first and second dimensions, which individually explained 31 % and 26% respectively of 
the total multivariate variation present, (b) Follow up PCO of individuals within the composite 'southern' cluster 
comprising A. litorea, A. clairae, A. repens, A. haroldi and A. smithi. These dimensions accounted for 48% and 
24% respectively of the total multivariate variation present, (c) Follow up PCO of individuals within the 'northern' 
cluster comprising island and mainland A. rostrata. These dimensions accounted for 32% and 25% respectively 
of the total multivariate variation present, dimensions, which individually explained 31 % and 26% respectively 
of the total multivariate variation present, (b) Follow up PCO of individuals within the composite 'southern' 
cluster comprising A. litorea, A. clairae, A. repens, A. haroldi and A. smithi. These dimensions accounted for 
48% and 24% respectively of the total multivariate variation present, (c) Follow up PCO of individuals within the 
'northern' cluster comprising island and mainland A. rostrata. These dimensions accounted for 32% and 25% 
respectively of the total multivariate variation present. 
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FIGURE 3 Neighbour-joining tree among eight species of Aprasia from Western Australia, based on the number of fixed 
differences (Table 3) and rooted using the two species not included in the A. repens species-group. A companion 
NJ tree, based on Nei Ds, displayed a near identical topology, and is therefore not shown. 


allozymically diagnosable from one another (Figure 2b), 
a result further confirmed by the presence of multiple 
fixed differences for all pairwise comparisons (range 
3-11; Table 3). In contrast, a follow-up PCO on the 
‘northern’ group revealed only modest discrimination 
between island A. ‘rostrata ’ and mainland A. ‘fusea 
individuals, and the two regional populations thus 
displayed no fixed allozyme differences and only 
differed by a Nei D value of 0.04, well below the average 
between-species value for the A. repens species-group 
(mean Nei D = 0.25, range 0.09-0.36; Table 3). Thus 
the allozyme data are entirely consistent with these two 
regional populations being conspecific. 

Neighbour-joining (NJ) trees among all species 
sampled in the extended allozyme study (Figure 3) 
supported the proposed monophyly of all members of 
the A. repens species-group, but did not support a sister 
relationship between the two most northerly members 
of the group, A. rostrata and A. litorea. Instead, both 
analysis whether for pairwise fixed differences or Nei 
Ds inferred that the phylogenetic affinities of A. litorea 
lie with several of the southern species, most notably A. 
haroldi. 

TAXONOMIC CONCLUSIONS 

Morphological and molecular analyses are fully 
concordant in (1) synonymising A. fusca and A. rostrata 
and (2) diagnosing the southern specimens previously 
assigned to A. fusca as a new species. Therefore, we 
redescribe A. rostrata from the Montebello Islands, 
Barrow Island and the North West Cape, and describe 
A. litorea of the A. repens species-group from the Lake 
Macleod region of Western Australia. 


TAXONOMY 

Aprasia Gray, 1839 

Aprasia Gray, 1839: 331 

TYPE SPECIES 

Aprasia pulchella Gray, 1839, by monotypy. 

DIAGNOSIS 

Aprasia differs from all other pygopodid genera in 
possessing the following combination of character states: 
head scales very large, few in number; parietal scales 
absent; ring of ocular tissue not completely separated 
into distinct scales; external auditory meatus absent 
(small opening present beneath scale in A aurita ); scales 
smooth; precloacal pores absent; minute hind limb scale 
flaps; snout very short; body diameter very small; tail 
very short. 

INCLUDED SPECIES 

Aprasia aurita Kluge, 1974, A. clairae Maryan, How 
and Adams, 2013, A. haroldi Storr, 1978, A. inaurita 
Kluge, 1974, A. litorea sp. nov., A. parapulchella 
Kluge, 1974, A. picturata Smith and Henry, 1999, A. 
pseudopulchella Kluge, 1974, A. pulchella Gray, 1839, 
A. repens (Fry, 1914), A. rostrata Parker, 1956, A. smithi 
Storr, 1970, A. striolata Lirtken, 1863. 

Aprasia repens species-group 

DIAGNOSIS 

As proposed by Storr et al. (1990) this group is 
endemic to Western Australia and currently comprises 
A. clairae, A. haroldi, A. litorea sp. nov., A. picturata. 
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A. repens , A. rostrata and A. smithi. Compared to other 
Aprasia, the members of this group have a more slender 
body, a narrower head with a longer, more angular snout 
profile, and the postocular is almost always fused to the 
second last supralabial. 

Aprasia rostrata Parker, 1956 

NingalooWorm Lizard 

Figures 5-6, 12 

Aprasia repens rostrata Parker 1956: 384. 

Aprasia rostrata Parker: Kluge 1974: 65-66. 

Aprasia rostrata fusca Storr 1979: 136-137. New 
synonymy. 

Aprasia fusca Storr: Storr et al. 1990: 106, 111. 

MATERIAL EXAMINED 

Aprasia repens rostrata 

Holotype 

Australia: Western Australia: male, Claret Bay, 
Hermite Island, Montebello Islands (20°29’S, 115°31’E) 
on 17 August 1952 by F.L. Hill (WAM R13861). 


Paratype 

Australia: Western Australia : female, as for holotype 
except 22 May 1952 (held in the British Museum of 
Natural History). 

Aprasia rostrata fusca 

Holotype 

Australia: Western Australia: male, 3 km NW of 
Bullara (22°40'S, 114°02'E) on 14 December 1978 by 
T.M.S. Hanlon and D. Knowles (WAM R61077). 

Paratypes 

Australia: Western Australia: male, female as for 
holotype (WAM R61078-79); male, mouth of Yardie 
Creek (22°20'S, 113°48’E), 8 December 1978, G. Harold 
and G. Barron (WAM R61454). 

DIAGNOSIS 

A small (SVL up to 126 mm) and very slender-bodied 
member of the A. repens species-group with 14 midbody 
scales, 172-192 ventral scales, 168-190 vertebral scales, 
five upper labials with first anteriorly fused to nasal, 
condition of nasal suture variably contacting prefrontal 
or second upper labial, postocular typically fused with 
fourth upper labial, and simple colouration of dark lines 



FIGURE 4 Distribution map of island and mainland populations of Aprasia rostrata and A. litorea from Western Australia. 
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FIGURE 5 Aprasia rostrata from the inland red sand dunes near (A) Bullara Homestead, and coastal white sand dunes near 
(B) Yardie Homestead and (C) Hermite Island, showing the subtle colour variation in dorsal surfaces (B. Maryan). 
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or streaks on a cream to light brown dorsum, and with a 
lightly to heavily flecked ventral surface. 

REDESCRIPTION 

General form of head and details of scalation 
illustrated in Parker (1956: 384) and Storr et al. (1990: 
106, 111). 

Head narrow, with long strongly projecting snout, 
moderately angular in profile, forming very distinct 
undershot lower jaw; eyes distinctly large on head 
positioned above third upper labial; large rostral scale 
clearly visible from above penetrating very deeply (e.g. 
WAM R142340) or moderately (e.g. WAM R153830) 
within nasals posteriorly, leading edge of rostral acutely 
angular but not sharp-edged, in most individuals (e.g. 
WAM R116672, WAM R142340, WAM R151727 and 
WAM R153828-29) the forward projection of the 
rostral scale forms a weak ‘trilobed’ appearance in 
dorsal view; nasal anteriorly fused and forming suture 
with first upper labial, origin of nasal suture is variable 
(see variation below) forming short contact between 
prefrontal and first upper labial or between nasal and 
second upper labial, nostril and nasal suture not visible 
from above; prefrontals large, forming a medial suture 
and in broad contact with second upper labial; 1 small 
preocular in broad contact with second upper labial 
and in short contact with third upper labial; 1 large 
supraocular in contact with preocular; upper labials 5; 
second higher than third with relatively equal width, 
fourth typically fused to postocular and fifth the 
smallest; frontal hexagonal, slightly longer than wide 
and rounded posteriorly. 

Colouration 

In life (Figure 5), head cream to light brown, weakly 
to strongly variegated with dark brown to black. Dorsal 
surface cream to light brown with four longitudinal dark 
brown lines (passing through centres of paravertebral 
and laterodorsal scales), the central pair being weak or 
virtually absent (e.g. WAM R116651, WAM R153828 
and WAM R153830) to very strong and continuous (e.g. 
WAM R151726). The outermost lines of laterodorsal 
streaks are more continuous and clearly demarcated 
from a whitish to silvery-grey lateral surface, broadly 
edged and centrally streaked with dark brown to black. 
Ventral surface including under head, lightly or densely 
flecked with grey to dark brown. In some individuals 
(e.g. WAM R130221) the flecking is very dark and 
almost uniformly black. Tails creamish to pale yellow 
with multiple (< 10) brown lines, in some individuals 
(e.g. WAM R153828) the lines are absent on dorsal 
surface of tail. Regenerated portion light yellow clouded 
with grey. 

In preservative, the dorsal surfaces of the more lightly 
brown individuals from inland localities distant from the 
coast become paler. Individuals from coastal localities 
retain their cream dorsal surfaces. The dark pigment on 
the lateral and ventral surfaces, including the lines of 
streaks along tail, is more prominent. 


Details of holotype 

Kluge (1974: 65-66) provides a detailed description of 
the A. rostrata holotype with accompanying illustration 
of the left lateral view of head showing extra postnasal 
and postorbital scales (Figure 30: 64), a condition 
not observed in any other Aprasia and described as 
‘freakish’ by Storr (1979: 137) who considered the 
‘postorbital’ scale as a free postocular (Storr et al. 1990: 
111 ). 

Measurements in mm (this study). SVL - 94, TailL 65 
regenerated (69% of SVL), HeadD - 1.7, HeadL - 2.6, 
HeadW - 2.1, RL - 1.2, RW - 0.7, SnL - 1.5, EyeW - 
0.6, Mbs - 14, Vent - 174, Vert - 160. 

After more than 50 years in preservative (Figure 6), 
the holotype is brownish on the dorsal surface with 
a light brown ventral surface without any discernible 
pattern. 

VARIATION 

Table 1 presents the ranges of the characters counted 
and measured for A. rostrata. The nature of the nasal 
suture originating from either the prefrontal or second 
upper labial is variable in A. rostrata as follows: suture 
contacts prefrontal on both sides in WAM R116672, 
WAM R116914, WAM R141583, WAM R151725 and 
WAM R153829-30; suture contacts second upper 
labial on both sides in WAM R61079, WAM R61454, 
WAM R74951, WAM R110662, WAM R116651, WAM 
R130221, WAM R142340, WAM R142359, WAM 
R151726-27, WAM R153828, WAM R165984 and WAM 
165986; both conditions recorded on opposing sides in 
WAM R61077-78, WAM R116882, WAM R153827, 
WAM R165985 and WAM R165987. In specimens 
from the Montebello Islands, WAM R165984 has a 
‘postorbital’ scale on right side only, WAM R165986 on 
both sides and WAM R165987 on left side only. In the 
specimen from Barrow Island, WAM R173456 the nasal 
suture contacts an extra postnasal scale on both sides. 

ETYMOLOGY 

Parker (1956) provided no derivation of name; 
however the specific name is presumably from the Latin 
adjective rostratus, meaning beaked, referring to the 
protrusive snout of the species. 

DISTRIBUTION 

Aprasia rostrata is known from Hermite and 
Trimouille Islands in the Montebello Islands and 
Barrow Island off the Pilbara coast and on the North 
West Cape, extending south to Yardie Creek and 
Learmonth Air Weapons Range and inland to Bullara 
Station (Figure 4). The islands are designated Class 
‘A’ Nature Reserves. Further surveys are required 
at optimum times on other Montebello Islands to 
determine whether this species is distributed more 
widely in the area. On the North West Cape, very little 
protection is given to areas outside the Cape Range 
National Park. 
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FIGURE 6 Preserved holotype of Aprasia rostrata (WAM R13861). 


HABITAT 

Aprasia rostrata appears to be widespread on the 
North West Cape as suggested by Storr and Hanlon 
(1980) occupying sandy habitats such as white sand 
dunes on the coast and inland on red Triodia- covered 
sand dunes (Figure 7). Similarly, on the Montebello 
Islands, Hermite and Trimouille, the species has been 
collected in low white sand dunes vegetated with Acacia 
coriacea over Spinifex and other low shrubs (Maryan 
and Bush 2007). The single individual collected on 
Barrow Island also came from secondary white sand 
dunes on a limestone pavement with Spinifex longifolius 
(R. Teale, pers. comm.). The species has been mainly 
raked (using a 3-prong cultivator) from sand hillocks 
stabilised by vegetation on dunes, beneath decaying 


stumps and logs embedded in the sand, leaflitter and 
occasionally exfoliated limestone slabs. Invariably, the 
stumps and logs have living ant colonies associated with 
them (B. Maryan and B.G. Bush pers. obs.). 

COMPARISONS WITH OTHER SPECIES 

Aprasia rostrata will be compared first with its 
nearest geographical congeners, A. haroldi, A. clairae 
and A. repens, the species with which it is most similar 
to in general aspects of body size, colouration and 
scalation, then with each of the other allopatric distant 
species with which it shares important characters. 

Aprasia rostrata differs from A. haroldi in having 
5 upper labials (v. 4), postocular fused to fourth 
upper labial (v. fused to third) and third upper labial 
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FIGURE 7 Contrasting sandy substrates reflect the subtle dorsal colour variation in Aprasia rostrata from the (A) inland red 
sand dunes near Bullara Homestead and (B) coastal white sand dunes on Hermite Island (B. Maryan). 
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in subocular position (v. second) and a more rounded 
rostrum in dorsal and lateral view (v. more pointed). 

Aprasia rostrata differs from A. clairae in having a 
larger adult size (SVL up to 126 mm v. up to 90 mm) 
and in both sexes the mean ventral and vertebral scale 
counts are significantly higher in A. rostrata than in A. 
clairae (183/179 v. 152/143). 

Aprasia rostrata differs from A. repens in having 14 
midbody scale rows (v. 12) and colouration, by having 
dark flecking under the head and along the ventral 
surface (v. whitish, often yellow in life under the head, 
occasionally marked with lines of short dashes along 
the ventral surface). In addition, in both sexes the mean 
ventral and vertebral scale counts are significantly 
higher in A. rostrata than in A. repens (183/179 v. 
135/132) reflecting its more elongate-bodied form. 

Aprasia haroldi, A. clairae and A. repens are all 
allopatric to A. rostrata (Maryan et al. 2013). All other 
Western Australian species differ from A. rostrata : with 
A. picturata and A. smithi having black heads (v. no 
blackhead) and A. inaurita, A. pulchella and A. striolata 
having rounded, blunt snouts with a free postocular (v. 
longer, more angular snout with postocular typically 
fused with fourth upper labial) (Storr et al. 1990; Wilson 
and Swan 2013). 

REMARKS 

Aplin and Smith (2001: 70) referred a specimen (WAM 
R61454) from the coastal sands of the North West Cape 
mainland to A. rostrata and posited that true fusca might 
be restricted to the inland sand dunes from the Bullara 
area. Colouration formed the basis for distinguishing A. 
r. fusca from A. r. rostrata (Storr 1979: 136-37) in which 
four specimens representing fusca from the North West 
Cape were compared to only two individuals of rostrata 
from Hermite Island that had been in preservative for 
considerable time. In the ‘Key to Species of Aprasia’ 
by Storr et al. (1990: 105) the diagnostics separating 
the two species state that ‘four dark lines on back and a 
densely flecked venter with dark brown’ as diagnostic for 
fusca and ‘no dark lines on back and a white venter’ as 
diagnostic for rostrata. 

In this study, we examined a larger sample size of 
individuals from both coastal and inland localities, 
including recently collected material from the Montebello 
Islands and Barrow Island (see Appendix) and found 
no consistent trend in colour/pattern that corresponded 
to any diagnosable difference between the mainland 
and island populations of A. rostrata. Our observations 
suggest the degree of dark pigmentation on the lateral 
and ventral surfaces in combination with the intensity of 
lines on the dorsal surfaces are variable, and are arguably 
influenced by the subtly different substrates inhabited by 
these highly fossorial lizards. Individuals from the coastal 
sands of the mainland are as light in general appearance 
as those from the offshore islands, with slightly darker 
individuals occurring on inland sand dunes (Figure 5), a 
phenomenon regularly observed in other fossorial reptiles 
such as Aprasia smithi and Lerista planiventralis (B. 
Maryan and B.G. Bush pers. obs.). 


Aprasia litorea sp. nov. 

GnaralooWorm Lizard 

Figures 8-10, 12 

urn:lsid:zoobank.org:act:522E47F0-DA0E-4973-88FA- 

A34850C5EB99 

MATERIAL EXAMINED 
Holotype 

Australia: Western Australia: male, 1 km S of 
Gnaraloo Homestead (23°49'29"S, 113°31'32"E) on 
20 June 2000 by B. Maryan and B.G. Bush (WAM 
R141605). 

Paratypes 

Australia: Western Australia: 1 male, 9 km 
NE of Cape Cuvier (24 0 1ES, 113°27’E), (WAM 
R116614); 1 female, 0.5 km S of Gnaraloo Homestead 
(23°49'S, 113°32'E), (WAM R116656); 1 female, 7 km 
SSW of Gnaraloo Homestead (23°54’S, 113°29'E), 
(WAM R116660); 1 male, Cape Cuvier (24°09'54"S, 
113°26'58"E), (WAM R141606); 2 males, 1 female, 
18 km SSE of Quobba Homestead (24°33'13"S, 
113°28'27"E), (WAM R151305-07). 

DIAGNOSIS 

A small (SVL up to 98 mm) and very slender-bodied 
member of the A. repens species-group with 12 midbody 
scales, 162-170 ventral scales, 158-168 vertebral scales, 
five upper labials with first anteriorly fused to nasal, 
condition of nasal suture variably contacting prefrontal 
or second upper labial, postocular fused with fourth 
upper labial, and simple colouration of longitudinal lines 
of brownish streaks on a yellowish-brown dorsum with a 
densely flecked ventral surface. 

DESCRIPTION OF HOLOTYPE 

Head narrow, not wider or narrower than the body; 
no obvious tympanic aperture; snout long and rounded 
in dorsal profile, strongly projecting and moderately 
angular in lateral profile, but not sharp-edged, forming 
very distinct undershot lower jaw; eyes noticeably large 
on head positioned above third upper labial; nostril 
positioned anteriorly in nasal; body and tail very slender 
and round in cross-section; no vestiges of forelimbs 
externally; hindlimbs visible as very small triangular 
flaps at lateral extremes of vent; post-cloacal spurs 
evident as very small protrusion opposite triangular 
flaps; tail short with regenerated round tip. 

Head scales smooth; large rostral rounded anteriorly, 
slightly longer than wide, visible from above with 
posterior point penetrating nasals; nasals large and in 
broad contact, angled posteriorly behind rostral; nasal 
fused anteriorly and forming suture with first upper 
labial; nasal suture originates from anterior border of 
second upper labial on left side, angled very slightly 
downwards to terminate at centre of nostril, forming 
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FIGURE 8 Head scalation of Aprasia litorea holotype (WAM R141605) in (A) lateral and (B) dorsal views. 


short contact between nasal and second upper labial; 
on the right side, suture originates from prefrontal 
forming short contact with first upper labial, nasal suture 
not visible from above; prefrontals large and in broad 
contact, and in broad contact with second upper labial; 
frontal hexagonal, longer than wide and slightly rounded 
posteriorly; 1 large supraocular above full width of eyes 
in contact with preocular; 1 small preocular, much higher 
than wide, in broad contact with second upper labial and 
in short contact with third upper labial; 5 upper labials, 
second higher than third with equal width, fourth fused 
to postocular and fifth the smallest. General form of head 
and details of scalation illustrated in Figure 8. 

Body scales, smooth and shiny, non-imbricate, 
homogeneous, and arranged in parallel longitudinal 
rows; ventral scales not noticeably wider than the 
adjacent body scales. 


Colouration 

In life (Figure 9), head yellowish-brown, variegated 
with dark brown on sides and on dorsal aspect of rostral 
and nasal scales. Dorsal surface yellowish-brown, more 
uniform anteriorly merging to greyish on tail. Two 
vague, longitudinal lines of brownish streaks (passing 
through centres of paravertebral scales) extend from 
behind head, gradually becoming continuous and 
increasing to multiple lines on tail. The outermost lines 
of laterodorsal streaks more continuous and not clearly 
demarcated from a silvery-grey lateral surface, broadly 
edged and centrally streaked with dark brown. Ventral 
surface (including under head) densely-flecked with dark 
brown, becoming darker towards vent. Ventral surface 
of tail light yellow and regenerated portion greyish with 
dark brown flecks. 

In preservative (Figure 10), the yellowish-brown 
colouration on dorsal surface becomes cream. Dark 
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FIGURE 9 Holotype (WAM R141605) of Aprasia litorea, photographed in life (B. Maryan). 



FIGURE 10 Preserved holotype of Aprasia litorea (WAM R141605). 
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pigment on lateral and ventral surfaces, including lines 
of streaks along tail, is more prominent. 

Details of holotype 

Measurements in mm. SVL - 90, TailL 43 regenerated 
(47% of SVL), HeadD - 1.8, HeadL - 2.6, HeadW - 1.7, 
RL - 0.7, RW - 0.6, SnL - 1.5, EyeW - 0.8, Mbs - 12, 
Vent-164, Vert-160. 

VARIATION 

Table 1 presents the ranges of the characters counted 
and measured for A. litorea. The paratypes are similarly 
coloured to the holotype in life and in preservative, 
except that the two smallest individuals, WAM R141606 
(SVL 60 mm) and WAM R151307 (SVL 51 mm) are 
strongly variegated with dark brown on the head. The 
original tail of WAM R151306 is distinctly yellowish on 
both dorsal and ventral surfaces. 

Storr et al. (1990: 106) noted the variation in A. 
fusca with the nasal suture originating from either 
the prefrontal or second upper labial that is similarly 
recorded in A. litorea as the following conditions: suture 
contacts prefrontal on both sides in WAM R116656; 
suture contacts second upper labial on both sides in 
WAM R116614, WAM R116660 and WAM R151305. As 
for the holotype, both conditions are present in WAM 
R141606 and WAM R151306. The nature of the nasal 
suture in WAM R151307 is different again connecting 
the suture between the first and second upper labials 
in such a position that these two labials, nasal and 
prefrontal meet. 

ETYMOLOGY 

The specific name is from the Latin adjective litoreus, 
meaning of the seashore, referring to the coastal 
distribution of the species. 

DISTRIBUTION 

Aprasia litorea is known from an area west of 
Lake Macleod extending north to Gnaraloo and south 
to Quobba Stations (Figure 4). The entire region is 
managed for pastoral purposes without any protected 
areas set aside for the conservation of flora and fauna. 
Further surveys are required at optimum times to 
the north and south of the known collection sites to 
determine whether this species is distributed more 
widely in the area. 

HABITAT 

The holotype was captured when it was raked (using a 
3-prong cultivator) from inside a sand hillock stabilised 
by vegetation on white sand dunes near the coast. The 
paratypes have been variously collected in the same 
manner including beneath leaflitter and decaying 
stumps and logs embedded in the sand. The species is 
known to occupy a corridor (c. 1-10 km wide) along the 
coast consisting largely of white sand dunes or white 
to pink sandplains, vegetated mainly on the coast with 
littoral plants as Spinifex longifolius, Nitraria schoberi, 


Scaevola crassifolia and Acanthocarpus preissii (Figure 
11), gradually changing inland to denser and more 
varied assemblages with Acacia coriacea and other 
wattles, and hummock grasslands of Triodia (Storr and 
Harold 1984). 

COMPARISONS WITH OTHER SPECIES 

Aprasia litorea will be compared first with A. rostrata, 
the species with which it is most similar to in general 
aspects of body size, colouration and scalation, then with 
each of the geographically distant species with which it 
shares important characters. 

Aprasia litorea differs from A. rostrata in having 
12 midbody scale rows (v. 14), having a smaller adult 
size (SVL up to 98 mm v. up to 126 mm) and in both 
sexes the mean ventral and vertebral scale counts are 
significantly lower in A. litorea than in A. rostrata 
(Table 1). A subtle but consistent difference concerns 
the demarcation between the outermost lines of the 
laterodorsal streaks with the lateral pattern: in A. litorea 
the demarcation is not clear with streaks mostly merging 
with lateral pattern, typically only the two lines of the 
paravertebral series are present, while in A. rostrata 
there is a clear gap between the lines of streaks and the 
lateral pattern, typically forming four lines that include 
the paravertebral series (Figure 12). In addition, both 
sexes of A. litorea appear more slender in build than in 
A. rostrata and have on average a slightly shorter head 
and snout (Table 1). 

Aprasia litorea differs from A. haroldi in having 
12 midbody scale rows (v. 14), 5 upper labials (v. 4), 
postocular fused to fourth upper labial (v. fused to third) 
and third upper labial in subocular position (v. second) 
and a more rounded rostrum in dorsal and lateral view 
(v. more pointed). 

Aprasia litorea differs from A. clairae in having 12 
midbody scale rows (v. 14), having a larger adult size 
(SVL up to 98 mm v. up to 90 mm) and in both sexes the 
mean ventral and vertebral scale counts are significantly 
higher in A. litorea than in A. clairae (165/162 v. 
152/143). 

Aprasia litorea shares with A. repens 12 midbody scale 
rows, however differs in having a smaller adult size (SVL 
up to 98 mm v. up to 126 mm) and having a colouration 
of dense dark flecking under the head and along the 
ventral surface (v. whitish, often yellow in life under the 
head, occasionally marked with lines of short dashes 
along the ventral surface). In addition, in both sexes the 
mean ventral and vertebral scale counts are significantly 
higher in A. litorea than in A. repens (165/162 v. 135/132) 
reflecting its more elongate-bodied form. 

Aprasia haroldi, A. clairae and A. repens are all 
allopatric to A. litorea. All other Western Australian 
species differ from A. litorea : with A. picturata and 
A. smithi having black heads (v. no black head) and A. 
inaurita, A. pulchella and A. s trio lata having rounded, 
blunt snouts with a free postocular (v. longer, more 
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FIGURE 11 The habitat of Aprasia litorea, coastal low vegetation on sand dunes at Gnaraloo Homestead, Western Australia 
(B. Maryan). 


angular snout with postocular fused with fourth upper 
labial). 

REMARKS 

Aprasia litorea was originally thought to represent 
a southern population of A. fusca when first collected 
during herpetofaunal surveys (Storr and Harold 1984). 
In Storr et al. 1990, the species account for A. fusca 
(incorporating A. litorea) included the statement ‘usually 
14 (occasionally 12) midbody scale rows’ but without 


reference to a specific population. We examined all 
Western Australian Museum specimens of A. rostratal 
northern fusca ’ (Appendix and type lists in Taxonomy 
section) to determine the extent of variation in this 
character following exclusion of A. litorea. In the 27 
specimens examined by us, we found no individual 
variation away from the conditional state of 14 midbody 
scale rows. Therefore, we believe the reference by Storr 
et al. (1990) to individuals with 12 midbody scale rows 
in A. fusca was in specific reference to specimens from 
the Lake Macleod region referred herein to A. litorea. 
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FIGURE 12 Dorsal view of (A) Aprasia litorea (WAM R151306) showing no clear demarcation between laterodorsal streaks 
and lateral surface, and (B) A. rostrata (WAM R153828), showing clear gap, indicated by arrow. 


Aprasia repens appears to be the only species of Aprasia 
that exhibits rare intraspecific variation in midbody 
scale row counts Kluge (1974: 63). 

McKenzie et al.’s (2000: 344) listing of Aprasia sp. 
aff. fusca is herein referred to A. litorea and Wilson and 
Swan (2013: 139) illustrate A. litorea as A. fusca from 
Gnaraloo Station. The only other reptile that shares a 
similar known distribution to A. litorea is the skink 
Lerista haroldi (Storr 1983), although McKenzie et al. 
(2000: 344) list a morphologically and allozymically 
distinctive population of Ctenotus hanloni that could 
also be restricted to the area west of Lake Macleod. 

DISCUSSION 

The present study has clarified the taxonomic 
relationships between A. fusca and A. rostrata and 


identified an additional member of the A. repens 
species-group as defined by Storr et al. (1990). Aprasia 
litorea from the coastal sands and adjacent sand 
plains west of Lake Macleod is a close relative of A. 
repens, the latter occurring throughout southwestern 
Western Australia and itself a composite taxon 
requiring further investigation. The geographic ranges 
of mainland A. rostrata and A. litorea appear to be 
allopatric, with current records suggesting a gap of 
more than 120 km between populations. These species 
are strongly differentiated genetically and they differ 
morphologically in subtle features of colouration (most 
notably the longitudinal lines of streaks on the dorsal 
surface) and in meristic characters that include the 
number of midbody scale rows, ventrals and vertebral 
scales. Considering the area between the known ranges 
of A. rostrata and A. litorea is poorly surveyed it should 
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be investigated to determine whether either species exist 
in the intervening zone. The most northerly distributed 
species of Aprasia in Australia, A. rostrata has disjunct 
occurrences on sand dunes and plains of the North 
West Cape and on the Montebello Islands and Barrow 
Island off the Pilbara coast, reflecting the similarities in 
flora and fauna between these two areas (Keighery and 
Gibson 1993; Baynes and Jones 1993; Kendrick 1993) as 
well as their shared geological history. During periods 
of lowered sea level through the late Pliocene and 
Pleistocene, each of these areas formed rocky plateaux 
on a sandy, emergent continental shelf (Veth et al. 2007). 

The A. repens species-group as defined by Storr 
et al. (1990) is endemic to Western Australia and 
particularly diverse in coastal sands and adjacent sand 
plains between Perth and the North West Cape. Aprasia 
repens as currently defined, is the most widespread 
species occurring throughout southwestern Western 
Australia, while the uniquely coloured A. picturata and 
A. smithi, occur mostly inland on harder (often stony) 
soils (Smith and Henry 1999; Wilson and Swan 2013). 
The remaining Australian Aprasia species, recognised 
on morphological (Kluge 1974) and molecular criteria 
(Jennings et al. 2003; Maryan et al. 2013; this study) 
have geographic distributions that range across southern 
Australia (excluding Tasmania). The A. repens species- 
group is the most diverse clade in the genus, however, 
with a total of seven of the thirteen known Australian 
species, but as noted previously (Aplin and Smith 2001; 
Maryan et al. 2013), the taxonomic diversity in the 
group is incompletely documented with further species 
awaiting description. 

Compared to other fossorial species such as skinks 
of the genus Lerista and the blind or worm snakes 
(Ramphotyphlops), instances of sympatry between 
species of Aprasia are infrequently recorded. One 
exception is the widespread species A. repens which 
overlaps in distribution with A. pulchella on the Darling 
Range east of Perth and with A. striolata on the southern 
coast (Bush et al. 2007). All appear to feed on very 
small ant eggs and larvae and occur mostly in coastal 
and near coastal sands or inland on sand plains and 
stony soils. Although Aprasia may appear to be lizard 
equivalents of the blind or worm snakes (Webb and 
Shine 1994), which similarly spend most of their life 
underground, these fossorial snakes occupy a much 
wider variety of substrates, are more geographically 
widespread and feed on the eggs and larvae of a much 
greater variety and size of ants. This has resulted in 
their comparative morphological divergence, which 
would reduce any competitive exclusion between the two 
groups, allowing them to exist sympatrically. 

For highly cryptic fossorial reptiles such as Aprasia, it 
often requires a considerable length of time conducting 
trapping programs to reveal their presence (How and 
Shine 1999). During the course of the Carnarvon Basin 
Survey, only a single live capture of A. litorea was 
made using pit-trapping (Rolfe and Mckenzie 2000) 
and over two weeks using the same technique on the 


Montebello Islands no specimens of A. rostrata were 
found (Burbidge et al. 2000). In addition to this, A. 
rostrata was only recently recorded for the first time on 
the historically well collected and visited Barrow Island 
(Butler 1970; Smith 1976; Bamford 2002). This cryptic 
lifestyle means their basic biology is virtually unstudied, 
therefore any inferences on population size, declines 
or seasonal trends related to breeding and feeding are 
purely speculative (Maryan et al. 2013). 

Many of the current listings of the 26 ‘threatened 
(including A. rostrata )’ and 48 ‘priority’ reptile species 
in Western Australia comprise small, cryptic varieties 
with apparent localised distributions (e.g. Aprasia, 
Lerista and Ramphotyphlops). These listings include 
several species and/or subspecies with unresolved 
taxonomies (e.g. L. praefrontalis) and those still only 
known from a single specimen (e.g. L. bunglebungle, L. 
quadrivincula and R. longissimus). Adding to this are 
the recent descriptions of cryptic, new species in areas 
subject to high anthropogenic disturbance (Kay and 
Keogh 2012; Doughty and Oliver 2013; Maryan et al. 
2013). Wildlife conservation and protective legislation 
should be based on sound ecological principles and 
knowledge of wild populations (Ehmann and Cogger 
1985). Currently, our knowledge is inadequate for many 
of these species, and there is a need to rationalise the 
criteria and listings, as field and life history studies 
(including targeted faunal surveys) should be considered 
a prioritised measure. There is much work to be done 
if we are to address the conservation, management 
and taxonomic issues relating to Western Australia’s 
endangered herpetofauna. 
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APPENDIX Additional material examined. All locations are from Western Australia (WAM prefixes omitted). *Also included 
in the allozyme study. A Allozyme study only. 


A. clairae A R127527, A R156892, A R156901. 

A. haroldi A R135496. 

A. litorea *R116614, *R116656, *R116660. 

A. pulchella A R80000, A R132803, A R135130-31. 

A. repens A R113330, A R119919, A R137457, A R144612, 
A 151695-96, A R165961. 

A. rostrata R74951 (female), Bullara Homestead 
(22°41'S, 114°02'E); R110662 (male), Learmonth Air 
Weapons Range (22°25'04"S, 113°45 , 50 ,, E); *R116651 
(female), 1 km NW of Bullara Homestead (22°41'S, 
114°03'E); *R116672 (female), 2 km W of Bullara 
Homestead (22°41’S, 114°01'E); *R116882 (female), 
21 km N of Bullara Homestead (22°29’S, 114°01’E); 
*R116914 (female), 2 km W of Bullara Homestead 
(22°41'S, 114°01'E); R130221 (female), 8 km N of 


Exmouth (21°52'12"S, 114°07’01 M E); R141583 (male), 2 
km W of Bullara Homestead (22°40'20"S, 114°00'52"E); 
R142340, R142359 (females), Yardie Creek (22°19’14"S, 
113°48'50"E); R151725-27 (female, male, male), 1.5 km 
W of Bullara Homestead (22°41'S, 114°01’E); *R153827- 
28 (male, female), 2 km NW of Yardie Homestead 
Caravan Park (21°52'57"S, 114°00'16"E); R153829 
(female), Bullara Station (22°53'26"S, 113°55'25"E); 
R153830 (male), Bullara Station (22°43’35"S, 
113°58'32"E); *R165984-85 (males), Trimouille Island 
(20°23'12"S, 115°33'04"E); *R165986-87 (males), 
Hermite Island (20°29’36"S, 115°31 ? 40”E); R173456 
(male), Barrow Island (20°50'18"S, 115°18’44 M E). 

A. smithi A R116574, A R116657. 

A. striolata A R127524, A R127528. 
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